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ABSTRACT
Three large oil shale blocks, graded at 17, 22 and 56 gal/ton, 
were obtained from the White River area of Utah. Smaller blocks weigh­
ing between 1.3 to 4.1 kgms were cut from the large blocks and preheat­
ed under for 12 hours at temperatures of 280, 300, 325 and 350°C.
Core sections were cut parallel to the bedding planes from the preheat­
ed blocks and pulverized to a fine powder. Samples of the powdered 
shales were pyrolyzed and oxidized at 450°C. Other samples were pyroly- 
zed at 500°C with the resultant gases trapped and backflushed through 
a gas chromatograph column. The organic fraction of the shale released 
by preheating, pyrolysis and oxidation in all cases exceeded or matched 
the amount of material evolved by pyrolysis and oxidation of the raw 
samples. The organic fraction of material evolved by preheating and 
pyrolysis was greater by .5 to 5.5% than the fraction released by 
pyrolysis only on untreated samples. The molecular distribution of 
the pyrolysis gas products were shifted toward lighter hydrocarbons. 
Analyses by a relative simulated distillation technique revealed that 
the gas and gasoline fraction of some of the preheated samples increas­
ed by as much as 3 percent compared to the products of the raw samples 
of matching grades. •
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I. INTRODUCTION
Oil shale is a sedimentary rock composed of inorganic and organic 
fractions. The inorganic minerals contained in oil shale include: 
dolomite, calcite, quartz, illite, albite, microline, pyrite and anal- 
cite (Smith, 1969). The organic material, first labeled kerogen by the 
Scotsman Crum Brown (McKee et at. , 1925), yields liquid and gaseous 
hydrocarbon products when heated. A carbonaceous residue remains on 
the retorted shale. The Green River Formation of Colorado, Utah and 
Wyoming contains a vast resource of oil shale estimated to embody over 
two trillion barrels of oil (Dinneen and Cook, 1974). The estimated 
yield drops to about six hundred billion barrels if only the deposits 
at least ten feet thick that average a minimum of twenty-five gallons 
Per ton are considered.
Recovery of the petroleum-like products from oil shale has pro­
ceeded by above ground retorting (Schora et al. , 1977a), and underground 
in aztu methods (Schora et al. , 1977b). A recent economic study by 
Dickenson 0977) states that the cost of an upgraded synthetic crude 
°il from oil shale would be in the range of $16 to $21 per barrel. 
Imported crude oil is currently landed at $13 to $15 per barrel. 
Dickenson also states that the greatest technical and economic risks 
in oil shale production occur in the shale mining and disposal of spent 
shale. Exploitation of the oil shale via in situ methods would allevi­
ate many of the mining and spent shale disposal problems, but it also 
raises many questions pertaining to the understanding of the exact
Digital Image ©  2006, David William Alston. All rights reserved.
processes occurring.
Most proposed in s itu processes involve the following steps: 
fracture and rubblization of the oil shale bed, flame front ignition 
and movement, and oil recovery. In Figure 1 Sohns and Carpenter (1966) 
show a schematic drawing of an in  s itu  combustion model proposed by 
the Laramie Energy Research Center (LERC). This model is similar to 
one submitted by the Occidental Oil Company (McCarthy and Cha, 1976), 
and shown in Figure 2 . In both of these models the combustion flame 
«ront moves through the bed pyrolyzing the oil shale ahead. Fuel for 
the combustion, fed by compressed air injection, is provided by the 
residue carbon left on the spent (retorted) shale. Oil products and 
retort gases are then pumped or vented to the surface. Burwell et a l.  
(1973) have described in s itu  experiments conducted by LERC near Rock 
Springs, Wyoming. The experiments demonstrated that a combustion zone 
could be maintained in a body of fractured oil shale.
Many fundamental questions remain that deal with the eventual 
performance of an in  s itu  oil shale retort. This work addresses what 
effects the low temperature heating, which occurs ahead of the combus­
tion front, will have upon the pyrolysis products from the blocks of 
oil shale contained in the rubblized bed. Heating prior to retort 
Pyrolysis will be referred to as preheating. The work has progressed 
by preheating blocks of oil shale in an inert (nitrogen) atmosphere.
blocks were weighed to determine losses during preheating. Interior 
samples were obtained from closely matched bedding planes for analytical 
measurements. Comparisons were made between preheated and raw or un­
treated samples for yield modifications. Pyrolysis and oxidation
Digital Image ©  2006, David William Alston. All rights reserved.











































COMBUSTION ZONE CFRONT '•i- 
MOV E MC NT  •
RETORTING AND VAPORIZATION ZONE
VAPOR CONDENSATION ZONE
C A S E S  OIL ANO WATE R
PILLARPILLAR
a  RECYCLE
Figure 2. Occidental in situ oil shale retorting model 
McCarthy and Cha (1976). Reprinted from 
"Colorado School of Mines Quarterly," Vol. 
71, No. 4 by permission of The Colorado 
School of Mines.
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experiments were performed on interior core samples. Pulverized core 
samples from the block interiors were also pyrolyzed and oxidized. 
Weight loss measurements for all of these experiments were obtained. 
Pyrolysis product composition changes were monitored by gas chromato­
graphy. A computer program was written to analyze the chromatography 
data.
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II. LITERATURE REVIEW
A. Fischer Assay
The standard method used to evaluate the grade or fraction of or­
ganic material in an oil shale sample has been the Modified Fischer 
Assay (Stanfield and Frost, 1946, 1949). A small ground sample is 
Placed in an aluminum vessel, heated in a non-oxidizing atmosphere from 
ambient temperature to 500°C, and then held at that temperature for a 
short time. The vessel is cooled, products are collected, and material 
balances are completed. Typical Modified Fischer assay results from 
Stanfield et al. (1951) are given in Table 1 . Analyses of the gases 
from the Fischer assay, also from Stanfield, are shown in Table 2. 
Hydrogen, methane and carbon dioxide are the major gas products.
Improvements, interpretations and criticisms of the Modified 
Fischer Assay have been the subjects of papers by many authors.
Good fellow et al. (1966) and Goodfellow and Atwood (1974) claim that 
they have made improvements to the Modified Fischer Assay technique. 
Allred (1976) has correlated Fischer Assay data and drawn composition 
diagrams to facilitate the interpretation of the results. Cook (1974) 
has criticized the accuracy of the Fischer Assay grade evaluation. He 
states that the technique is only good to within .5 gal/ton. Addition­
ally, Schora et al. (1977c) further pointed out that the Fischer assay 
method does not seem to apply to Eastern oil shales. The organic 
carbon concentration of an Eastern (New Albany) shale from Indiana, and
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8Table 2. Fischer Assay Gas Analyses
Oil yield, gal/ton 10.5 26.7 57.1
Gas, dry, air-free, at 60°F,
'60 mm. Hg pressure
Gross heating value ........  Btu/cu.ft.
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a Western shale from Colorado were nearly equivalent but the assay oil
content of the Eastern shale was only a third of the reported Western 
value.
Recent alternatives to the Fischer assay include:
(a) broad!ine nuclear magnetic resonsance (NMR) spectroscopy 
(Decora et a l. , 1971),
(b) pulsed NMR (Miknis et a l. , 1974),
(c) laser pyrolysis-gas chromatography (Hanson et a l .* 1975, 1976), 
and
(d) direct determination of organic carbon (Heistand and Humphries, 
1976).
A simplified method to obtain Fischer assay data has been offered, 
taking density measurements of the oil shale. Smith (1969) found a 
correlation between the specific gravity of oil shale from the Mahogany 
Zone of the Piceance Creek Basin of Colorado and its Fischer assay. 
Equation (1 ) shows this relationship.
Y = 31.563 X2 - 205.998 X + 326.624 (1)
(See Nomenclature for the definition of symbols.) Mr. Darrell Schmidt 
*1977), while a senior in the Chemical Engineering Department at the 
University of Utah, found a similar correlation between Fischer assay 
and the density of oil shale from the White River Formation of Utah.
He ^as since extended the work of his B.S. thesis to develop the unpub­
lished relationship of Equation (2).
FA = 26.350 X2 - 186.942 X + 304.231 (2)
The oil shale used in this work was hand picked from an outcropping
Digital Image ©  2006, David William Alston. All rights reserved.
in Hell's Hole Canyon of the White River Formation in Utah. Precise 
Fischer assay measurements were not deemed essential for this work.
The shale grade results reported will be from the correlation of
Schmidt.
B. Kerogen Structure
Kerogen is the name given to the organic material in oil shale.
Much work has been done regarding its isolation. Attempts have also 
been made toward identifying the nature of its binding to the surround­
ing organic matrix. In spite of these many investigations the details 
of its molecular structure are unknown.
Smith (1961) employed a method of dissolving away the mineral mat­
ter of oil shale with hydrochloric and hydrofluoric acids. He was 
successful in preparing a kerogen concentrate and, upon further analysis, 
obtained a weight percentage composition of the organic material.
Smith's weight percentage data are presented in Table 3, along with the 
normal atomic weights for the elements. The elemental weight percen­
tages were divided by the corresponding atomic weights and the number 
of moles was obtained for each. After normalizing to the number of 
sulfur moles and multiplying by atomic weights, an empirical formula 
and molecular weight for kerogen was obtained. Table 4 shows the 
resulting molecular formula and weight, along with some others reported 
in the literature. The original data of Stanfield et al. (1951), shown 
in parentheses, were normalized to the moles of sulfur for comparison. 
The kerogen formulae agree, within reason, and an acceptable molecular 
weight for the polymer would be about 3100.
10
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tempt was made to evaluate the concen r
, . . , 1976 and Jensen et al. > 1971) have
Other authors (Ruberto et al.»
such concentration determinations.
The polymeric structure of kerogen has been constructe y 
together building blocks of the larger, more stable molecules, sue 
porphyrins. The crosslinking molecules were expected to be straig
and branched chain alkanes, and oxygen-contaming compounds,
Tu.n ciich three-dimensional models
ethers, esters, and acid groups. Tw n a 7Al
a Pripn (1974) and Yen (197.)*
have been proposed by Schmidt-Collerus an
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The nature of the binding of the kerogen to the inorganic miner
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material and the alkaline earth carbonates through carb y 
groups. Treatment of the shale with acid is, therefore, necessary o 
effect a separation of the kerogen from the minerals. Porphyrins pre­
sent may be chelated with some of the matrix. They also pos ^ 
large proportion of secondary binding of kerogen dit 
ring this from the many polar organic sites.
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Faiisett second orderproposed pyrolysis optimization based upon the
reactions. , ,
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l 2 to 5-6. 0n 0T:nedata showing that reaction order may vary rom
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approximated by a first order model.
the f irs t order kineticsAdditional evidence which has supperu
non) They performed retort exp has been offered by Campbell et al* vl“'' )•
iments on powders and blocks that support a simple mechanism
C. Pyrolysis Kinetics
kerogen-bitumen decomposes to oil. The oil can further decompose to 
oil, carbonaceous residue and gas, or the oil may degrade to coke 
and gas. They also found that the yield decreased with a decreasing 
heating rate. This collaborates the earlier prediction of Johnson 
et al. (1975) who, in their mathematical retort model, expected low 
heating rates for in situ retorts, resulting in a reduction in oil 
yield.
D. Low Temperature Effects
The pyrolysis experiments of Hubbard and Robinson (1950) were 
carried out at temperatures greater than 350°C. Other workers have 
been interested in the effects of lower temperatures. Primary decompo­
sition of kerogen occurs at low temperatures and gives rise to soluble 
bitumens. This decomposition is thought to be the result of clevage 
of some of the thermally unstable crosslink bonds in the kerogen.
Jones and Dickert (1966) studied the pyrolysis of benzene-ethanol 
extracted oil shale containing about 20% kerogen (35-40 gal/ton). They 
heated the oil shale in a shaker bomb at temperatures of 275, 300 and 
325°C for periods of four, twelve and twenty-four hours. They found 
that the maximum kerogen removal was about 4.4% (22% of kerogen) at 
275°C, 5.4% (27% of kerogen) at 300°C and 9.6% (48% of kerogen) at 
325°C. The amount of kerogen removed from the samples at any tempera­
ture reached a maximum between four and twelve hours.
Cummins and Robinson (1972) investigated the effect of thermal 
history on oil shale yields. Experiments were performed on - 100 mesh 
benzene extracted samples heated under a helium atmosphere. The results
Digital Image ©  2006, David William Alston. All rights reserved.
showed that in samples heated from 250-350°C the yield of bitumen plus
oil exceeded that expected from Fischer assay. Upon chemical analysis 
Cummins et al. (1974) also discovered that the average normal alkane 
chain length decreased from 24.6 to 22.3 carbon atoms as the heating 
temperature increased from 150 to 350°C.
Stout et al. (1976) worked with powdered shale samples heated 
under nitrogen. Those heated for eight hours at 300°C exhibited yields 
in excess of Fischer assay, while the yield of samples heated at higher 
temperatures could approach the Fischer assay, if nitrogen flow rates 
were increased.
Tyler (Part I)a)) worked with 8-inch size diameter cylindrical
blocks of oil shale. A 1%-inch diameter hole was then cored along the
axis of the cylinder forming a surface from which the blocks were
heated with hot gases. His results (Tyler, Part II (b)) indicate that
samples taken from a block, which was subjected to slow heating at
temperatures below the retorting temperature, produced more oil in the
low molecular weight range than did raw shale samples. A repeat
(Tyler (c)) of the experiment also showed a shift in the distribution
of products toward the Cc to C,n fractions, with an enhancement of the6 10
total organic carbon evolved.
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A. Simulated Distillation
Crude oils are mixtures of many types of saturated, unsaturated, 
cyclical, aromatic and heterocyclic hydrocarbons. The crudes are re­
fined by separating them into various product fractions, usually by 
distillation. Many schemes exist for labeling the distillate fractions 
with such names as gas, gasoline, naptha, kerosene, gas oil, and 
residuum. Two example systems for distinguishing the crude oil com­
ponents are shown in Tables 6 and 7. These originate from Jensen et 
(1971) and Roberts and Caserio (1965). This work used a combina­
tion labeling system, shown in Table 8 .
A simplified method of evaluating the distillate fractions has 
been developed using gas chromatography. This has been standardized 
into ASTM D 2887-73 and called simulated distillation. Ruberto et al.
(1976) and Jensen et al. (1971) have followed this procedure to charac­
terize synthetic fuels. Poulson et al. (1972) developed a related 
method for simulated distillation which incorporates the addition of 
a small amount of a standard to the sample. Poulson also developed a 
subtractive technique to evaluate the chromatograms before and after 
insertion of the standard.
These methods are similar in that a sample of known hydrocarbons 
ls "injected upon a chromatograph column. The retention times are 
Plotted against the normal boiling point temperatures of the components.
III. THEORY
1 Digital Image ©  2006, David William Alston. All rights reserved.
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Table 6. Crude Oil Composition
Boiling Range Name
Carbons
IBP - 204°C Naphtha C5 " cn
204 - 316°C Light Distillate C12 ' C17
316 - 427°C Light Gas Oil C18 ‘ C27
427 - 538°C Heavy Gas Oil C28 ‘ C42
> 538°C Residuum
Table 7. Petroleum Fractions
Boiling Range Name
Carbons
IBP - 40°C Gas C1 ' C5
40 - 180°C Gasoline C6 ‘ C10
180 - 230°C Kerosene cn  " ci2
230 - 305°C Light Gas Oil C13 ‘ C17
305 - 405°C Heavy Gas Oil C18 ‘ C25
405 - 515°C Lubricants
Digital Image ©  2006, David William Alston. All rights reserved.
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Table 8. Relative Simulated Distillation Composition
Boiling Range Name Carbons
IBP - 40°C Gas C1 ” C5
40 - 180°C Gasoline C 6  ' C10
180 - 305°C Light Gas Oil 0 1 o -xj
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A calibration curve may then be drawn such that all other peaks in a 
chromatogram could be assigned a boiling point temperature based upon 
their peak retention times. Peak areas are then integrated, as the 
areas are proportional to the weight fraction of material evolved. The 
accumulated percentage of material removed (or the accumulated percent 
area) is then plotted against the normal boiling point temperature at 
the time of summation. The result being a boiling point distribution 
curve, is also called a simulated distillation curve.
Simulated distillation results depend upon the type of equipment
7 ..cpH was 180 inch inside diameter 
used. The column that Jensen et al. used
x 18 inches long. Ruberto al. (1976) do not mention the specifica­
tions of the gas-liquid chromatograph (6LC) in their laboratory.
They did, however, show a trace of the GLC of the saturates from shale 
oils. This is displayed in Figure 3. The appearance of Figure 3 is 
markedly different from the work to be presented here.
B. Relative Simulated Distillation
The Chromalytics MP3 Thermal Chromatograph used for the analytical 
measurements in this study was not equipped for direct inject' 
liquid sample onto the chromatograph column. All gas chromatog p 
samples, whether gases evolved from solid pyrolysis or injected 'q 
had to be trapped in the MP3. The trapped specimens were then
and backflushed to the column.
Elution times from the chromatograph column varied for individual
peaks from run to run, yet the overall chromatogram remained
consistent. All analyses of chromatogram peak retention areas




Figure 3. GLC of saturates from shale oils.
Ruberto, R. G., D. M. Jewell, R. J. 
Jensen and D. C. Cronauer, ADVANCES 
IN CHEMISTRY SERIES No. 151, 43 (1976).
from "Shale Oil, Tar Sands and 
Related Fuel Sources"
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done by comparison of peak retention times. To allow for variances in 
retention times a relative retention index similar to that described by 
Willard et al. (1965) was developed. The retention times in a spectrum 
were normalized to the retention times of carbon ten and carbon twenty. 
Equation (3) gives this relative index.
23
(t - Tc ) x 100
x = 100 + -------^ -------  (3)
(tr - tf )
20 u10
The positions of C-jq and C£q were noted by comparisons of spectra to 
the spectrum of normal alkane standards. Also, injection of two 
microliters of the standard alkane solutions to the trapped pyrolysis 
gases would create a shale chromatogram with the peaks of the carbon 
numbers of the standards greatly enhanced or spikes, for easy identi­
fication. With this scale the relative retention times for C^q was 
set to 100 and the relative time for C2q at 200.
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IV. EXPERIMENTAL APPARATUS AND PROCEDURE 
A. Sample Preparation
Hand-picked large blocks of oil shale from the Hell's Hole Canyon 
area of the Green River Formation in Utah were obtained. Three of 
these blocks were then randomly selected for further preparations.
They were cut into smaller blocks with a 20-inch diameter diamond 
lapidary saw, which uses kerosene as a lubricant. Mud that collected 
on the blocks during cutting was removed by scrubbing with a wire 
brush in a solution of water and mild detergent.
Density measurements of the blocks were taken by water displace­
ment for Fischer assay calculations. The blocks were suspended in a 
wire cage from a large triple beam balance. Weight measurements were 
taken with the blocks in air and submerged in water.
The density calculations were then made using equation (4), which 
was developed from Archimedes' Principle by Spjut (1976).
_ ^pwater " pair^ Mair ,
- Ma .r - Mwater
The block specific gravities were then calculated from equation (5 ).
S G  =  P s h a 1 e  ( 5 )
'pwater'24°C
Thermocouple wells were drilled in the blocks to be preheated.
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Starter holes were sunk with a regular 1 / 8 inch drill bit. The longer 
shafts were made with an aviation type drill bit 1 /8 inch diameter by
12 inches long, with a 2 inch flute.
The blocks were visually aligned, matching prominent strata mark­
ers in the three different shale samples. The location of a core sec­
tion on each block was then marked by pencil. Core samples were drill­
ed from the raw blocks and later from the preheated blocks with a hand- 
operated drill press. Three-quarters inch o.d. cores were drilled with 
the major axis parallel to the bedding planes of the shale.
The blocks were placed in a box constructed of 12 gauge mild steel,
13 inches long by 10 inches wide by 8 inches deep. The blocks were held 
in place by wooden wedges. A water lubricating chuck adapter, designed 
and built by Mr. Ray Cayias, was connected to a diamond core drill.
The cores were then cut into pieces approximately one-inch long with an
8 inch diameter water lubricated lapidary saw. Multiple small cores
of closely matched properties were thus obtained.
Density measurements were taken on the raw and preheated cores by
mercury displacement using the pycnometer previously described by Shen
(1977). All weight measurements were made on a Mettler H20T analytical 
balance.
Cores of the same sample were compared for density values. Some 
were oxidized for organic material content, while others were pulverized 
to a fine powder in a Spex Model 8500 shatter box for pyrolysis and 
oxidation measurements.
Preheating
A schematic drawing of the apparatus for preheating the oil shale
25
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• c- a Blocks were instrumented with type K 
blocks is shown in Figure 4. Biocxs
i c ^Paled by Sauereisen No. 31 cemen 
chrome!-alumel thermocouples sea
were placed on an inverted Pyrex baking dish near t 5urinq
 ^ tv,0 ^Ptnrt, measuring 
Lindberg Model 59166 Inconel Atmosphere Retor .
Box Furnace. A ceramic thermocouple sneath holding th
thermocouple lay between the insulated heating elements and the
, . , t0 a uindberg Model 59554-C3 Control 
The enclosed thermocouple led to a
.u i The retort door naa
Console/Programmer System for temperature con
three ports cowled with Swagelok f l t t l w -  On. <*n  * *
thermocouple wires fro. « .  M l  shele blocks to e Linear Instrument
Corporation Model 291 duel pen recorder. 4 roo. temperature ro ere
junction was formed just before connection to the recorder. The
necorder was calibrated with a potentiometer so that the temperature
could be read directly. The second port was joined by a 1/* twon
tube to a nitrogen bottle end reguLtor. Nitrogen flow of .5 H « r
minute was fed through . needle valve end flow meter. The third por
was connected hy 1/4 inch copper tubing to a mist trap. The trap
was the* vented h, a 1/4 inch coppen tub* fad to an overhead pipe
which joined an exhaust hood.
A schematic drawing of the mist trap is shown in F'g 
A thin steel plate, punched with a pattern of 1/8 inch holes, 
on supports soldered to the can walls. Swagelok bulkhead fitt' 
formed vapor inlet, vapor outlet, and liquid drain ports. Glass wool
was inserted above the plate.
The blocks were heated from room temperature to the soaki 9






































Figure 5. Schematic diagram of the mist trap.
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temperature and held for approximately 12 hours. Power was then shut 
off and the blocks cooled to room temperature.
Following each run the retort was wiped clean of condensed oil 
and water. Liquids were poured out of the bottom of the mist trap, 
and the dirty glass wool was replaced.
C. Pyrolysis and Oxidation
Two sets of pyrolysis and oxidation measurements were taken using 
the tube furnace described by Shen (1977). In the first set, oil shale 
oore samples, weighing between 9 and 18 grams, were placed in the fur­
nace and heated under Ng from room temperature to 450°C in 25 minutes. 
The cores were pyrolized at 450° for another 30 minutes. The gas was 
then changed to 0£. After the cores oxidized for two hours, the gas 
fl°w was switched back to Ng. The power was turned off, allowing the 
cores to cool. The total weight losses from pyrolysis and oxidation 
of the cores were obtained.
The second set of measurements used powdered samples of the same 
specimens prepared for pyrolysis-gas chromatography. Small aluminum 
foil containers, each containing approximately one gram of shale, 
were placed into the furnace. They were heated to 450°C in 25 minutes 
under N2 and then soaked for another 30 minutes. The power was then 
turned off. when the samples had cooled, they were weighed for pyroly­
sis weight loss. They were returned to the furnace, heated at the 
Same rate to 450°C and soaked for two hours under ©2 * The gas flow 
was switched back to Ng and the power turned off. When the samples had 
cooled, they were removed for oxidation weight loss measurements.
29
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Shen (1977) has previously discussed that pyrolysis and oxidation 
at 450°C involves only organic material removal with negligible carbon­
ate decomposition. Hence, a determination of the organic material in 
the oil shale may be made from these measurements.
D* pyrolysis-Gas Chromatography
The chromatographic measurements were performed with a Chromalytics 
Mp-3 Thermal Chromatograph. The use of this instrument has been pre­
viously described by Scrima et a l. (1974), Reed and Warren (1974),
Arnold (1975), and Uden et al. (1977). Sample boats were made from 
1/3 stainless steel tubing cut about 1/4" long, split lengthwise and 
then welded at the ends. Ten to fifteen milligrams of the powdered 
011 shale samples were weighed and placed into the boats. The boats 
were placed into 1/4" quartz sample tubes, jacketed by small plugs of 
9lass wool and inserted into the solids furnace of the MP-3. The MP-3 
valves were set on solids and trap. The samples were pyrolized from
to 500°C at a 20°C per minute ramp. The evolved gases were carried 
by a stream which was then split, trapping half on a short col-
Umn pa°ked with Poropack Q. The other half passed through a Thermal 
Conductivity (t c ) detector and on to a destructive Flame Ionization 
Detector (FID) fitted with a hydrogen flame. Following pyrolysis the
3 valves were set to liquids and trap. The amplified signal from 
the FTn
was connected to a Spectra Physics Autolab System I computing 
electronic integrator. The integrator and TC detector were both con-
nprf’oH 4»
0 a Linear Instruments Model 291 dual pen strip chart recorder.
The MP-3 valves were set on liquids and backflush. The trap was
30
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990°C in 42 seconds, sending the
heated from ambient temperature to
■ i/q " rt d stainless
backflushed trapped gases to a six foot ong y
, ^ .4+h Oexsil on Chromasorb. m e  
steel chromatograph column packed w °  ^ ?oo°c
column was temperature programmed at 8°C per minute from 
where it was held for the duration of the run. Each run e 
terminating the integration and turning off the heat to the column 
Both the MP-3 and the System I have a number of attenuation 
tings available. The System I attenuation does not affect the Integra-
tion parameters, only the appearance of the strip chart record.
1 C The attenuation of the 
was generally set at 4, occasionally •
x 10 for the thermo-
MP-3 was set at 32 for the chromatograms and
grams.
'chromatograms .are run rttt -  - W  *
trappno for . base case or blank. Relative retention tnmes .
a the relative retention times of an oi 
blank peaks were compared to the r
* the hlank were within five and one- 
shale chromatogram. M l  peaks of
half units of a corresponding shale peak.
A computer program, listed in Appendix A, was written to aci i- 
tate the calculation of the chromatogram relative retention times, a
to complete the sobtraotton of the blank are,, from the d — W T -
areas. The computer program performed the following st p
, areas of chromatograms
(a) reads the retention time and p 
and the blank,
(b) reads the retention times of known peaks within the 
chromatogram,
(c) calculates relative retention times for all peaks 
chromatogram and in the b.anK,
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(d) subtracts the peak areas of the blank from the corresponding 
peak areas of a chromatogram,
(e) sums up the corrected areas, assigned a percentage of the 
total to each peak, and adds up a running total of the
calculated percentages,
(f) reads the normal boiling point temperatures of the known 
peak alkanes,
(g) calculates via least squares a quadratic equation to fit 
the relative retention time of the known compounds to 
their boiling point temperatures,
(h) calculates boiling point temperatures for all peaks in 
the chromatogram.
The blank areas were scaled by a factor to equate the observed in­
put signal level at the end of each chromatogram run. Some peaks near 
the end of the chromatograms were not integrated by System I. Areas 
for these peaks were assigned by manually integrating them with a
planimeter.
Integrator Operation
The Spectra Physics Autolab System I Computing Electronic Integra­
tor has many adjustable parameters to facilitate its use in chromato­
graphic evaluations (Spectra-Physics, 1975). The most important 
parameters are: Peak Width (PW), Slope Sensitivity (SS), and Base 
Line (BL). The System I computes peak areas in microvolt-seconds.
The effective slope sensitivity (ESS) is related to slope sensitivity
and peak width by the equation (6).
ESS = . (6)
(PW)2
ESS is most vulnerable to peak width selection.
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Slope calculations by the System I are made at a frequency related to 
PW/10. The BL number determines how many consecutive slopes must be 
equal to zero, within the ESS, before a new baseline is established. 
Plateau level (PL) is the number of zero slope calculations needed to 
reestablish baseline following a positive slope. The peak width was 
measured at half the height of the peak of interest. Slope sensitivity 
was determined by arbitrarily setting 1000 to SS and monitoring the 
slope on the digital readout. SS was then set to be three times the 
typical value observed.
Two vastly different integrations using the System I were carried 
out. The thermograms had only one important large broad peak. The 
integration parameters for this integration are shown in Table 9. Base­
line equal to 5 was a default value. The chromatograms were a more 
complex problem. Each had over fifty separate peaks. These were tall 
and narrow at the start of a run, and then gradually they became short 
and broad. Underneath the identifiable peaks was a large hump of un­
distinguished material. Additionally, the baseline itself would rise 
to a plateau near the end of a run. To compensate for these problems 
three sets of parameters were selected and shown vertically in Table 
10- It was desired to have all peak areas, including the undistinguish­
ed hump and the final plateau,resolved to a flat baseline. This was 
accomplished by setting BL to 100. (Any other large number would also 
have been sufficient.) The large thermal hump in the baseline started 
near 1600 seconds. This is where the second set of parameters (Tl) 
began integrating. The baseline usually had reached its plateau by 
2100 seconds, where the third set (Tl) initiated its integration.
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Table 10. Chromatogram Integration Parameters
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To accommodate for the peak broadening due to the chromatograph hold­
ing at 300°C, the 12 function was used. At T2, 2300 seconds, the PW 
and SS values doubled. The net effect would be to halve the ESS. 
Equation (7) shows the calculation of AT.
AT = T2 - Tl = 200 (7)
The values of PW and SS would double again at 2AT; that is, at 400 + 
2300 = 2700, at 4AT; that is, at 800 + 2700 = 3500, and so on.
Each successive use of the T2 function would halve the ESS, making it 
more likely to recognize a gradual movement as an integrateable peak, 
and not just basline movement. After completing a run, the System I 
would compute areas for each peak observed, and calculate the percen­
tage or concentration that each peak contributed to the total area.
The ultimate integration correction occurred by subtraction of the 
blank chromatogram areas from the shale chromatogram areas.
35
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V. RESULTS AND DISCUSSION
This chapter will be presented in four parts, representative of 
the four general sections of results. Included in the preheating 
section are data concerning the block weights, densities and grade cal­
culations, the block preheating time-temperature histories, and the 
block preheat weight losses. The second section deals with the pyroly­
sis and oxidation results of experiments performed on the core and 
crushed core samples taken from the interiors of the blocks. The 
third section on pyrolysis-gas chromatography shows a typical thermo­
gram, a chromatogram of the standard alkane solutions and the chromato­
grams of the fourteen pulverized shale samples. The final section gives 
the results of the Relative Simulated Distillation analyses performed 
of the shale chromatograms.
A* Preheating
Three large blocks of oil shale from the Hell's Hole Canyon in 
Utah were cut into sixteen smaller blocks. Table 11 lists the masses 
of the blocks suspended in air and in water. The density and specific 
gravity of each cut block were calculated by equations (4) and (5). The 
average specific gravities for the three block groups were calculated. 
Fischer assay grade evaluations were made using the Schmidt correlation 
of equation (2). These evaluations are shown in Table 12. The blocks 
in Group A were reasonably lean shales (17 gal/ton), Group 8 blocks 
were moderately lean (22 gal/ton), while the Group C blocks were rich
Digital Image ©  2006, David William Alston. All rights reserved.
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Table 11. oil Shale Block Masses, Densities and Specific
Gravities
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samples (56 gal/ton).
As the preheating apparatus schematic diagram in Figure 4 shows, 
the thermocouples set in the oil shale blocks were separated from the 
controller thermocouple by the blocks, retort wall and ceramic sheath. 
The controller set point, therefore, had to be calibrated to be able 
to select a block soak temperature. Figure 6 shows the measured oil 
shale block temperatures as a function of the controller set point 
temperatures. The plot is nearly linear with the block temperatures 
approximately 30°C cooler than the set point temperatures. Figures
7 through 9 show the preheating time-temperature histories of the three 
grades of oil shale. The blocks were heated from ambient temperature 
to slightly below the soaking temperatures at about 100°C per hour.
Near the soaking temperatures, the block temperatures increased slowly 
until they leveled off. The blocks were soaked for 12 hours and then
cooled.
Table 13 gives the preheated temperatures, masses, and mass losses 
for the eleven treated blocks. The mass loss percentages are given in 
terms of the changes from the block raw masses. These data fall con­
siderably below the weight loss data of Jones and Dickert (1966). For 
350-40 gal/ton shale they reported weight losses of 4.4% at 275°C,
5.4% at 399°C and 9.6% at 325°C. For the 56 gal/ton shale in these 
experiments the weight losses were 3.14% at 280°C, 3.97% at 300°C and 
4.90% at 325°C. The lower yields of these experiments may be partially 
explained by the difference in sample preparation. These measurements 
were taken on solid shale blocks weighing between 1657 and 1989 grams, 
whereas, Jones and Dickert list neither the sample size nor its
39












Figure 6. Measured oil shale block temperatures as a function of 
controller set point temperatures.
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consistency, other than they used benzene-ethanol extracted shale.
Extracted samples all have been previously ground and larger weight 
osses should be expected for ground versus solid samples due to the
Physical disruption of the shale binding forces.
The preheating weight loss actually dropped from 1.39% to 1.25%
as the temperature increased from 280°C to 299°C for Blocks 12 and 13.
Was n°t expected but may be explained either by experimental error
by the fact that the specific gravity of Block 13 was 2.27 while 
at of Block 12 was 2.227. The Schmidt correlation says that Block
12
was 3 gal/ton richer than Block 13. This this case the effect would 
that a slightly leaner block produces a smaller preheat weight loss
at a higher temperature.
Figure 10 is a plot of the preheat temperatures and the subsequent
bj ^ pa L i _ °ss percentages for the three grades of oil shale. The appear­
ance Of the*
weight losses of the Group B blocks, numbers 15, 16, 17 and
9 s ems negate the previous argument about the effect of a small 
6ase 1n 9rade upon preheat weight loss. According to the Schmidt 
elation, Block 15 was 1.4 gal/ton richer than Block 17 but only
exhibited n noc/
increase in preheat weight loss despite a 23°C temper-
ature rise j.
• On the other hand, the grades of Blocks 15 and 16 should
bivalent but exhibited an increase in the loss from 2.14 to 4.11% 
wi th temperature increase of 23°C. From its position in Figure 10 
the i0ss of dt
Block 16 appears to be about .5% too high for a smooth
curve, p
ernaps an error occurred in the measurement on Block 16 or
yt>e a threshold exists near 320°C.
The
e important result of the preheating experiments is that
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cheating weight losses increased with increasing temperature and
grade.
fyrolysis and Oxidation
^ne set of core samples cut parallel to the shale bedding planes
was selects i-
Each core sample from the block interiors weighed between
9 and is r«
grams. They were pyrolyzed and oxidized in the tube furnace
as
reviously described. Table 14 lists the core density, core oxida­
tion lose
percentage, block preheat loss percentage and the total loss
entag* for the oxidized cores. Figure 11 shows a plot of the core 
0xidation i
•oss percentages as a function of density and preheat temper­
ature.
^ h  the exception of the core from Block 13, the oxidation percent 
lo$ses wh
» wnen added to the parent block preheating loss percentage, 
exoeeds th
ne oxidation loss of the corresponding raw core sample. 
^Proximate parallel lines may be drawn linking the core samples
Preheated at
the various temperatures. The raw cores have greater
densit
y and oxidation loss than the cores preheated to 280°C. Those 
PreheatpH
at 280°C are more dense and lose more material than the cores
Preheated
at 300°C. The trend continues toward lower density and small­
er weioh4.
loss as preheat temperature increases.
^ second set of interior core samples were pulverized to a fine 
Powder, tu
nese were the same samples prepared for pyrolysis-gas chroma- 
Approximately one gram samples were pyrolyzed and weighed,
and then
°xidized and weighed as earlier described. Table 15 lists
the y
erized core pyrolysis and oxidation losses. The oxidation and
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e Oil shale core oxidation losses as a function of core 
density and preheat temperature.
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Pyrolysis Tac a
•oss data are the average of three runs each, whereas the
Previous mv**.
ore measurements were individual data points. Figure 12 is 
a plot O'f “tu
tne powdered oil shale pyrolysis and oxidation losses as a 
on of initial core density and preheat temperature.
An
examination of the data in Table 15 shows that the total weight
of the preheated samples exceed the total weight losses without
heating with the exception of Block 2. In this case the total losses 
for 3"j ocit o
9 preheated at 280°C was 38.15%, while the total loss for
aw block 3 was 38.20%. These numbers are within experimental error.
TK
e same trends exhibited in Figure 11 are present in Figure 12.
That is
Preheating temperature increases, the oxidation and pyroly­
sis i
SSes decrease. This should be expected as the material was re­
leased in
tne preheating phase. However, the blocks preheated at 300°C 
show a nn^ **
Tceable exception. Blocks 13, 15 and 7 were preheated at
300°C wh
e Blocks 12, 17 and 2 were preheated at 280°C. The pyroly-
oxidation losses for the 300°C series were 7.61, 14.36 and 
35.82 percpn*
The subtotal values for the 280°C series were only
^* 50, i^ qp
and 35.01 percent, respectively. Thus, not only is there
a yiei(j ^
ancement when the whole block preheating loss is added to 
the Pulveri^nH
zea core losses, but preheating at 300°C appears to be the
■»« effective.
Table «»10 ts a compilation of the preheat, pyrolysis and oxidation 
Wei9ht lossoc *
es from Table 15. An organic material distribution is pro-
duced> when
losses are normalized to the total weight losses.
Fi9ure 13 .
a graph of this data, showing the percent of organic 
^aterien w +  ^ .
H  aunng preheating above the upper set of curves, the
50
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Powdered oil shale pyrolysis and oxidation weight losses as 
a function of initial core density and preheat temperature.
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11 - 76.75 23.25
12 280 15.64 61.98 22.38
13 299 14.11 67.95 17.95
14 325 24.24 57.95 17.81
18 - - 82.81 17.19
17 279 13.06 71.35 15.59
15 302 12.97 69.82 17.21
16 325 23.88 58.16 17.95
19 351 33.01 51.66 15.33
3 - - 83.56 16.44
2 280 8.23 75.78 15.99
7 303 9.98 74.99 15.03
5 328 12.56 72.81 14.63
4
350 21.42 57.70 20.88



















^ure 13. Organic material distribution following preheating.
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Percent of organic material lost during pyrolysis between the sets of
Ves anc* the percent of organic material lost to oxidation below the 
lower sp+
ot curves. The material oxidized would be the carbonaceous
« J
ue remaining after pyrolysis. The preheated and pyrolyzed frac-
°ns would be available as usable products. All of the preheated
c^s, with the exception of Block 16 (22 gal/ton), preheated at 325°C,
Block 4 (45 gal/ton), preheated at 350°C, exhibited smaller frac- 
Ons of
material being oxidized than their corresponding raw blocks.
Thus
Preheating enhances the fraction of organic material available for 
Pyr°lysis products.
An interesting sidelight is that Block 3, the richest (56 gal/ton)
shale, releases 83.8% of its organic material during pyrolysis, but
leaner shales, Block 18 (22 gal/ton) and Block 11 (17 gal/ton), re­
lease nni
n|y 82.8% and 76.8% of their organic material during pyrolysis.
Q
Pyrolysi$_Qas Chromatography 
Interior core samples were pulverized to a fine powder. About
 ^0-15
‘ligrams of these samples were placed in boats, inserted in
quartz
UDes and pyrolyzed in the solids furnace of the MP-3. The
eased
yases were detected by the FID producing a thermogram, as 
shown in £•?
ngure 14. The large peak came at 1298 seconds which corres- 
p°nds to * *
a temperature of 473°C. It carried 96.9 percent of the total
a^Sa, Tl
ne reflected peak in Figure 14 is the TC signal. It was hoped
that tu
e 1ntegrated thermogram areas could be compared but a plug in 
uhe .
n n e between the TC and FID prevented such an analysis.
About 1s ?^'20 milligrams of shale sample would fit into the sample boats.
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ne leanness of Groups A (17 gal/ton) and B (22 gal/ton), larger
'Pies were needed to assure a representative chromatogram. In these
es about 30 milligrams were loaded into the quartz tubes. The weight
measurements from pyrolysis and oxidation in the tube furnace were 
used for
comparison, rather than the pyrolysis measurements from the
MP-3.
Three mixtures of standard alkanes were purchased from Supelco,
Inc
Table 17 lists the liquid weight percentages of the standard 
compo Lift H
as and the measured area percentages for the standard chromato- 
9ram ■{» p.
r»gure 15. The percentages are in acceptable agreement, except 
f°r the r^5 component. Only about one-fourth of the pentane present
detected, which means that it was not completely trapped. Higher 
n°rniai
Kanes from to C ^  were obtained from Dr. Fred Hileman at 
he Flan™ k*
"“"ability Research Center to determine the upper limits of de- 
tectah *i •
•Tty. These results were not quantitive, but the upper limit 
seemed tn u •
LU De about C~9 for the present trap and column. A glass beads 
trap WAc * .
tried as an alternative to the Poropak. It was not acceptable
because *
it would not trap molecules smaller than C^.
Jensen et al. (1971) reported that from between 12.8 and 34.8 
weight 0
Percent of theshale oils investigated were composed of compon- 
ents of r^28 and larger. The apparatus used in this work only measured
dXlfnum of 7.6 weight percent components C0Q and larger. Such a wide 
discreDa
pancy from the reported values is only acceptable because the 
^ata from
0,11 this work are internally compared. Jensen’s chromatogram 
bably resembled that of Ruberto et al. (1976), shown in Figure 3. 
'^ure 16 shows the blank used in these analyses. It was selected
57
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5 n-pentane 21 5.1
6 n-hexane 23 23.3
7 n-heptane 26 29.4
8 n-octane 30 42.2
10 n-decane 17 15.1
12 n-dodecane 22 21.1
14 n-tetradecane 28 27.6
16 n-hexadecane 33 36.2
18 n-octadecane 20 18.1
20 n-eicosane 24 23.4
22 n-docosane 24 25.1
24 n-tetracosane 32 33.4
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ur tne reason that peaks were integrated over the whole time
pectrum. From 1650 seconds to termination the small peak areas above 
the 111071 ng baseline were measured with a planimeter and subtracted a- 
way. Aii -11 of the raw data for the standard, blank and shale chromato­
grams aro i •
e nsted in Appendix B. The corrected blank and shale chroma- 
areas are listed in Appendix A within the Relative Simulated
D i s t i l •
ation program print out. 
figures 17 through 30 show the chromatograms of the backflushed 
yases that were released upon pyrolysis of the powdered oil
shale oq
ores. On most of the chromatograms the TC signal was not re­
corded c
• tach of the figures has the positions of peaks C5> C-jq, C ^  and 
27 marked. These peaks are important to the relative simulated dis- 
'Nation discussion.
As previously mentioned in the chapter on Experimental Apparatus 
Procedure, some of the ending peaks in the chromatograms were not 
e9rated by the System I. During integration the PW did not double
as i +
should at T2, but the SS did. The PW function won't double while 
a Peak ic k •
l5> oeing integrated. The System I observes a continual series 
of peaks
and never slips into a non-integrating mode. Therefore, using
the T2 f
•unction hindered rather than helped accurate integration.
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D. Relative Simulated Distillation
The relative retention times of each of the standard alkanes C^,
C6* C7’ C8* C10* C12* C14’ C16’ C18’ C20* C22 and C24 plus C11 ’ C17 
and C27 were noted in each chromatogram. The average relative reten­
tion times of the standards were calculated and fitted along with 
their normal boiling point temperatures to a quadratic equation by a 
least squares method. The determined quadratic coefficients were 
then used to calculate boiling point temperatures for all of the 
peaks in the fourteen chromatograms. The average retention times, 
average relative retention times and normal and calculated boiling 
point temperature for the alkane standards are listed in Table 18.
The data for C^g, triacontane, are included as most chromatograms 
contained this peak. Figure 31 is a plot of the normal and calcula­
ted boiling point temperatures as a function of relative retention 
time.
The mean deviation of the calculated from the normal boiling 
point temperatures was only 3.79°C for the Cg through C27 peaks. 
However, the calculated temperatures for and C^q were too high by 
17.8 and 34.9°C, respectively, while those at Cy and Cg were 10.7 
and 10.3°C too low. The large discrepancies of the end calculated 
points are probably due to chromatograph performance and the usage 
of relative retention times. The peak eluted within 100 seconds 
from the time that valve two was switched to backflush, whereas the 
basis points for the relative retention times were C^g and C2Q5 which 
came after about 660 and 1630 seconds. The column was held
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5 97.8 40.7 36.1 53.9
6 153.5 46.5 68.7 66.0
7
252.6 57.2 98.4 87.7
8
383.3 71.1 125.7 115.4
,0 662.1 100.0 174.1 171.2
11 791.0 113.3 195.9 195.9
12 913.2 125.9 216.3 218.8
14 1126.3 147.8 253.7 257.5
16 1314.0 167.1 287.0 290.3
17 1399.8 176.0 301.8 304.9
18 1481.9 184.4 316.1 318.7
20 1633.2 200.0 342.7 343.4
22 1772.6 214.3 368.6 365.6
24 1902.5 227.7 391.3 385.5
27 2162.5 254.3 422.1 423.7
30 2613.5 300.6 449.7 484.6
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Calculated and normal boiling point temperatures as a function 
of relative time for the standard normal alkanes.
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isothermally at 300°C from about 1840 seconds to termination. The 
isothermal peaks broadened and came at lengthened intervals. This 
elution time expansion above created increasingly larger gaps 
between the calculated and normal boiling points.
The blank areas were appropriately subtracted from each chroma­
togram, leaving the corrected peak areas. Relative simulated distil­
lation curves were drawn plotting the subtotal corrected percentages 
against the calculated boiling point temperatures. The graphs, how­
ever, were not very instructive and are not included. They were 
very closely bunched and overlapping. Tables 19 through 21 present 
the Relative Simulated Distillation Data. The corrected area percent 
removed for each chromatogram are listed along with the corresponding 
calculated boiling point temperatures.
From Table 19 the boiling point temperatures for the first forty 
percent of material removed for the Group A (17 gal/ton) blocks were 
nearly equivalent. At 40% removed, however, the calculated tempera­
ture for Block 12 was 171°C, as compared to 192°C for Block 11. The 
pyrolysis gases from the block preheated at 280°C were shifted to 
lower molecular weights. That is, the same percentage of material was 
released at a lower temperature than the untreated sample.
In Table 20 the calculated boiling temperatures are also compar­
able with the exception of Block 15, preheated at 300°C. From 30% 
removed to 70% removed the temperatures of Block 15 are consistently 
lower than those of raw Block 18. At 30% the difference is 14°C, at 
40% 10°C, at 50% 9°C, at 60% 12°C and at 70% the difference is 8°C. 
Conversely, the calculated temperatures of Block 19 preheated at 350°C
79
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Table 19. Group A (17 gal/ton) Relative Simulated Distillation
Data
Block 11 12 13 14
Preh(°C)Te,nPeratUre -• 280 299 325
Percent Evolved Calculated Temperature (°C)
10 62 60 60 44
20 101 87 105 92
30 145 139 144 145
40 192 171 193 195
50 217 216 224 237
60 251 254 256 272
70 277 290 291 316
80 313 336 336 364
90 359 382 382 403
100 489 518 468 470
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Table 20. Group B (22 gal/ton) Relative Simulated
Distillation Data
Block 18 17 15 16 19
Preheatjemperature -  279 302 325 351
Percent evolved Calculated Temperature (°C)
10 54 58 60 58 60
20 83 87 82 88 83
30 128 133 114 125 138
40 169 171 159 170 178
50 214 213 195 209 221
60 250 244 238 237 266
70 280 274 272 269 302
80 317 317 314 304 342
90 354 362 354 355 374
100 442 465 458 459 463
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2 7 5 4
280 303 328 350 
Calculated Temperature (°C)
10 61 75 66 65 22
20 108 117 108 90 74
30 145 166 158 139 143
40 188 210 201 176 192
50 226 241 244 215 219
60 256 277 282 252 257
70 292 317 327 288 301
80 327 362 365 328 352
90 367 404 399 374 401
100 484 484 491 480 478
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run from 10° to 25°C higher than the raw block. However, the end point 
of Block 19 is also 21°C higher than the end point of Block 18. It 
appears that the yield of the products from the block preheated at 
300°C have been shifted toward the lower molecular weight materials.
In Table 21 most of the calculated temperatures are higher for 
the preheated blocks than for Block 3. Block 5 is the exception, and 
Block 4 is a special case. For 20 percent removed the calculated 
temperature for Block 5, preheated at 325°C, is 18°C lower than for 
raw Block 3. At 30 percent the difference is 6°C, at 40% 12°C and 
at 50% 9°C. The remaining values are comparable. The gas chromato­
graph column started at 40°C for Block 4 instead of the usual 60°C.
The first few peaks were, therefore, slow in eluting and skew the 
results,
A different perspective may be found by examining the results 
of Table 22. Instead of looking at a particular percent of removed 
material, Table 22 lists the percent of material found in the relative 
simulated distillation fractions of Table 8. The two sets of numbers 
in Table 22 are for the corrected chromatogram peaks and for the raw 
or uncorrected data.
The results from Table 22 corroborate the data of Table 19. The 
gas yield of Block 12 was increased .9% above the value for Block 11. 
The gasoline fraction also increased from 28.7% to 30.7%. The re­
mainder of the fractions for the Group A blocks are mixed, except 
that the gas yields of Blocks 13 and 14 increased .9 and 2.1 percent, 
respectively.
The only significant result of the Group B blocks was that the
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gas yield of Block 15 decreased .4%, while its gasoline yield increas­
ed 3.0 percent.
In the Group C blocks the gas yield relative to Block 3 decreased 
2.3% for Block 2, increased 1.3% for Block 7, increased 2.6% for 
Block 5 and increased 3.0% for Block 4.
In the three sets of blocks, at least one of the chromatograms 
analyzed per grade level exhibited yield modification toward lower 
molecular weight materials as a result of preheating.
85
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VI. CONCLUSIONS
The effects of preheating on the pyrolysis products from blocks 
of oil shale are demonstrated in yield enhancement and molecular 
weight distribution shifts. The total evolved organic material, in­
cluding the losses from preheating, pyrolysis and oxidation, exceed 
the organic material released by pyrolysis and oxidation in untreated 
blocks. Crushed interior core samples taken from blocks preheated 
at 300°C showed enhanced yields of .1, .3 and .8 percent of the or- 
ganics pyrolyzed and oxidized over similar samples preheated at 280°C 
for 17, 22 and 56 gal/ton oil shales, respectively. The fraction of 
organic material released via preheating and pyrolysis was greater 
by .5 to 5.5 percent in the crushed core samples than the fraction 
of organics releated in the comparably prepared crushed raw samples.
The molecular weight distribution of the pyrolysis gases, as 
determined by the relative simulated distillation analysis, was 
shifted toward compounds the size of decane (C-jq) and smaller. Gas 
yields of pentane and smaller molecules increased in some instances 
by .9 to 3.0 percent, as compared to the pyrolysis gas products from 
raw samples of the same grade. The yield of gasoline, that fraction 
from Cg to C^q , also showed some increases in the distributions of 
up to 3 percent.
Preheating blocks of oil shale at 300°C for 12 hours in nitrogen 
was the most effective for yield enhancement. Yield changes toward 
lower molecular weight materials occurred at 280°C, 300°C and 325°C.
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APPENDIX A
RELATIVE SIMULATED DISTILLATION COMPUTER PROGRAM
AND LISTING
Presented in this Appendix is a listing of the program written 
in FORTRAN and to reduce the chromatogram data by a technique called 
Relative Simulated Distillation. A listing of the variables, with 
their definitions, will be followed by a copy of the program, com­
plete with the data print out.
Real Variables
AA array of terms used in least squares matrix solution
AQ least squares coefficient
ATEST relative retention time difference between shale and
BA
blank chromatogram peaks
array of terms used in least squares matrix solution
BFAC
BAR blank chromatogram peak areas 
blank area correction factor
BLAND individual blank area percentage
BLANK total of blank chromatogram peak areas
BLAPER running total percentage of blank areas
BQ least squares coefficient
BT blank retention time
Digital Image ©  2006, David William Alston. All rights reserved.
BTEST relative retention time difference between shale and
blank chromatogram peaks 
CA array of terms used in least squares matrix solution
CQ least squares coefficient
CRETM known carbon retention time
CSAR corrected shale chromatogram area
CSART total of corrected shale chromatogram areas
CTEST relative retention time difference between shale and
blank chromatogram peaks 
DA array of terms used in the least squares matrix solution
DELSAR CSAR - BAR
DISPER running total percentage of corrected shale peak areas 
DISTIL running total percentage of uncorrected shale peak areas 
DSAR shale chromatogram peak areas save SAR
ERROR least squares convergence criteria
FX calculated boiling point temperatures of known carbons
GAS percent of corrected chromatogram area that is gas
GASOLN percent of corrected chromatogram area that is gasoline 
GAUSS subroutine using Gauss elimination with pivoting
HVGSOL percent of corrected chromatogram area that is heavy 
gas oil
LTGSOL percent of corrected chromatogram area that is light 
gas oil.
PERCEN individual uncorrected shale chromatogram peak area 
percentage
PROPER individual corrected shale chromatogram peak area percentage
88
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RBT relative blank chromatogram peak retention time
RESID percent of corrected chromatogram area that is residuum
RST relative shale peak retention time
RSTP relative shale peak retention time
RSTT total of relative shale peak retention times
SAR shale chromatogram peak areas
SAVBAR save BAR, blank chromatogram peak areas
ST shale chromatogram peak retention time
TBI known carbon retention time for point 5 (T10T/13)
TB2 knwon carbon retention time for point 10 C2Q (T20T/13)
TEMPBP calculated boiling point temperature
TMDL TB2-TB1
TQ 100/TMDL
TIOT total of C^q retention times
T20T total of C2Q retention times
UGAS percent of uncorrected chromatogram area that is gas
UGASLN percent of uncorrected chromatogram area that is gasoline
UGVGSL percent of uncorrected chromatogram area that is heavy 
gas oil
ULTGSL percent of uncorrected chromatogram area that is light 
gas oil
URESID percent of uncorrected chromatogram area that is residuum
USART uncorrected shale chromatogram peak area total
XA relative known carbon retention times
XX array of least squares coefficients
Y variable used in least squares matrix solution
89
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YA known carbon normal boiling point temperatures 
Integer Variables
I an index 
IA an index 
IB an index
IBL number of points in blank chromatogram





IFF temperatory holder of I point index
IFRAC an index
II an index 
IMARK an index 
IMARKK an index 
IMK an index






J an i ndex
JH an index
JI an index






JU an i ndex
KA an i ndex
KC temporary holder known carbon retention position index
KCARB known carbon retention time index
KGAS temporary holder of KCARB index for C^
KGASLN temporary holder of KCARB index for C1Q
KHVGS temporary holder of KCARB index for C27
KLTGS temporary holder of KCARB index for C ^
KPR temporary holder of KCARB indices
KRESID temporary holder of I POINT index




LM temporary holder of I POINT index
LW temporary holder of I POINT index
LX temporary holder of I POINT index
LT an i ndex
LY temporary holder of I POINT index
LZ temporary holder of I POINT index
LI an index







Ml 8 an i ndex
N an index
NA an index




NJ an i ndex
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DI M E NSION S T (1*1*75) * SAR(14#75)r RST(14#75)» CSAR(14#75)#
1 BT(30)r B A R (30) • RBT(30)» SAVBAR(30)» C S A R T (1*4) •
2 P R O P E R (14• 75) » 0ISPER(14#75)» CR£TM( 14*75) » RSTT(15) 
DIMENSION A A ( 3 » 4 ) » B A ( 3 ) » X X ( 3 ) » CA(3»*)t D A (3)»X A (15)* YA(15)»
1 F X ( 15)» 0ISTIL(1U#75)» USART(14), P ERCEN (14#75)»
2 TEMPBP(14»75) f O S A R (14# 75)
REAL G A S (14)# G A S O L N (14)# L T 6 S 0 L (14) • HVGS0L(14)# R E S I D (14)*
1 U G A S (14 ) r U G A S L N (14)» U L T G S L (14)# U H V G S L (14)•U R E S I D (14)
D I M E NSION RLAN0(30)» BLAPER(30># RSTP(14# 15)
INTEGER I B L O C K (14) # IP0INT(14)# KCARB(14»15)
00 10 JJ" 1 # 14
READ 900 IBLOCK(JJ)# IPOINT(JJ)
10 CONTINUE 
REAO 900 IBL 
00 20 JU : 1 I 14 
READ 910 (CP.ETM(JUt JI) »JI = 1*15)
20 CONTINUE
00 40 Jtf = 1# IBL
READ 920 BT(JM)# BAR(JM)
40 CONTINUE
00 60 JM s 1 » 14 
LZ s IPOINT(JH)
00 50 JN : If LZ
REAO 920 S T (J H » J N ) # SAR(JH*JN)
50 CONTINUE 
60 CONTINUE
C C A L C U L A T I O N  OF R ELATIVE RET E N T I O N  TIMES
DO 60 JK = 1* 14 
TBI = C»ETM(JKr5)
TB2S C R E T M ( J K # 12)
TMOL = TB2 - T51 
TO = 100./TMOL 
LY = I P O I N T (JK)
IMARK s 1
00 70 IA s 1, LY
IF (ARS(ST(JK»IA) - CRETMCJK. IMARK) ) .6T. 1.0 ) GO TO 74
73 KCARB<JK«IMARK) : IA 
IMARK S IMARK ♦ 1 
IMARKK '= IMARK - 1
74 R S T (JKtXA) S 100* ♦ ( ST(JK#IA) - TBl ) ♦ TO
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O S A R (JK » IA ) = S a R(JK'IA)
70 CONTINUE 
8U CONTINUE
DO 90 JL = 1* 13
TIOT s TIOT ♦ C R E T M ( J L * 5)




TMDL r TB2 - TBI
TQ s 100./TMOL
DO 100 IO r 1» IBL
RBT(IQ) 2 100.♦ (pT(IQ) - TB1)*TQ
SAVBAR(IQ) : BAP(IQ)
BLANK : BLANK ♦ B a R(IQ)
100 CONTINUE
DO 600 IO : h  IBL 
600 B L A N D (IQ) = B A R (I Q ) / B L A N K * 100•
B L A P E R (1) s BLAPER(l) ♦ B L A N D (1)
00 610 IQ s 2* I8L 
610 B L A P E R (IQ) = BLAPER(IO) ♦ BLA P E R ( I Q  - 1) ♦ B L A N D (IQ)
C COMPARISON OF AREA CALCULATIONS
DO 200 JM r If 14
60 TO ( 1 1 1 r 112* 113* 114' 118# 115* 117, 116* 119* 103* 102*
1 107* 105* 104)* JM
111 BFAC = .79 
MB s  29
8AR(M B ) =  95819.
GO TO 120




113 BFAC s .84 
MB = 28
R AR(K 9 ) r  54903.
GO TO 120
114 BFAC r 1.15 
MB = 28
B A R (M R )s 77164.
GO TO 120




115 BFAC s .52 
MB = 28
GO TO 120 
117 BFAC s 1.13 
MB = 28
B A R (M R )s 62322*
GO TO 120
116 BFAC s 1.3 
MB = 28
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B A R ( M R )r 41548.
GO TO 120




103 BFAC r 1.15 
MB s 29
B A R ( M B ) =111274*
GO TO 120 
102 BFAC s i *0 
MB = 29 
GO TO 120 
107 BFAC = 1.31 
MB = 29
BAR(MB)= 80364.
GO TO 120 
105 BFAC = 1*0 
MQ : 29
B A R ( M B ) 2 83M55.
GO TO 120
104 BFAC s .7 
MB s 29
B A R (M Q )s 8?741.
120 00 218 H)8 = 1* Mp
218 BAR(M18) =*£AR( *18)*BFAC
121 LM = IPOINT(JM)
MQ s 1
00 190 LL s 1, LM
ATEST = ABS(RST(JM»LL) - R B T ( M O ) )
BTEST s ABS(RST(JM# LL 4 1) - RflT(MO) )
CTEST r A8S(RST(JM* LL ♦ 2) - R b T(MO))
IF(ATEST .LT. 5.5 ) GO TO 183 
150 C S A R (JMtLL) =0SAR(JM»LL)
GO TO 190
183 IF((BTEST .LT. ATEST) .AND. (CTfST .LT. 5.5)) GO TO 150 
DELSAR = D S A R (JM*LL) - BAR(MO)
IF (DELSAR fLT. 0.0 ) GO TO 186 
CSAR(JM»LL) S DELSAR 
GO TO 189 
186 CSAR(JM'lL) s  0.0
D S A R(JM»LL ♦ 1) s O S A R (JM» LL ♦ 1) ♦ DELSAR
189 IF (MQ .LT. MB) MQ S  MQ ♦ 1
190 CONTINUE




C COMPIL A T I O N  OF CHR O M A T O G R A M  AREAS
400 DO 341 NA s 1# 14 
LX S IPOINT(NA)
00 320 NR s 1# LX
CSART(NA) s  CSART(NA) ♦ CSAR(NAtNB)
U S A R T ( N A ) S USART(NA) ♦ SAR(NAtNB)
320 CONTI N U E
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DO 330 NC = 1*LX
PROPCR(NA,NC) = (CSAR(NA*NC)/CSART(NA>)*100.
P ERCEN (NA#NC) = S A R ( N A * N C )/U S A R T ( N A ) *100,
330 CONTINUE
DISPER(NA* 1) = O l S P E R ( N A * 1) ♦ PROPERtNA* 1)
OlSTlL<NAf 1) = O l S T I L ( N A * 1) ♦ PE R C E N  <NA*1)
00 340 NO = 2* LX
0 1 S P E R (N A *N O ) = DISPER(NA*NO) ♦ DISPER(NA» NO - 1) + P R O P E R (N A »N O ) 
DI S T I L ( N A # N D ) =  DISTIL(NA*ND) ♦ DISTIL(NA* NO - D  ♦ PER C E N  (NA*ND)
340 CONTINUE
341 CONTINUE
AVERAGE t h e  r e l a t i v e  r e t e n t i o n  t i m e s
DO 350 IKK = 1*15
00 355 1SL = 1 * 1 4  
• KC = KCAPB(ISL*IMK)
RSTT(IMK) rP.STT(IMK) ♦ RST(ISL* KC)
355 CONTINUE 
350 CONTINUE
DO 356 IM K = 1 * 1 5  
XA(IMK) =  RSTT(IMK)/14.
356 CONTINUE
LEAST S QUARES FIT OF RELATIVE R E T ENTION TIMES TO NORMAL BOIL I N G  PT
READ 910 ( Y A ( K T E M P ) * KTEMP = 1*15)
00 202 KA = 1*15 
A A (1 * 1) = AA<1*1) ♦ X A ( K A )**4 
A A (1 * 2) = A A (1 * 2) + X A ( K A )**3 
A A (1 *3) = A A ( 1*3) ♦ X A ( K A )**2 
A A (2»1) = AA(2*1) ♦ X A ( K A )**3 
A A (2*2) = AA(2*2) + XA(KA)**2 
A A (2•3) = AA(2*3) ♦ X A ( K A )
A A (3*1) = AA(3*1) + XA(KA)*XA(KA)
A A (3*2) = AA(3*2) + X A ( K A )
33 A A (3*3) = AA(3*3) ♦ 1*0
B A (1) = RA(1) ♦ Y A ( K A )*(X A ( K A )**2)
B A (2) = B A (2) ♦ Y a (KA)*XA(KA)
. 8 A (3) = PA(3) + Y a (KA)
202 CONTINUE
CALL GAUSS ( AA* BA* XX* 3* 4, CA* OA)
AQ = XX<1)
BQ = X X (2)
CQ = X X (3)
00 23 IZK = 1* 15
FX(IZK) = AQ*XA<IZK)*XA(I2K) ♦ B®*XA(IZK) ♦ CQ 
ERROR = ERROR ♦ ( YA(IZK) - FX(IZK))**2 
23 CONTINUE
COMPUTE DIS T I L L A T I O N  F R A C T I O N S  AND BOI L I N G  POINT TEMPERATURES
00 360 IE = 1*14 
IFF = IPOINT (IE)
00 365 IF s 1»IFF
T E M P B P U E * T F )  = AQ*RST (IE * I F ) *RST (IE * IF) ♦ BO*RST (IE* IF) ♦ CQ 
KGA S  = K C A P 3 (It * 1) •




KGASLN = K C A R B ( I E # 5)
KLTGS = KCARB(IE# 10)
KHVGS = KCARB(IE* 15)
GAS(IE) = D I S P E R (IE*KGAS)
GASOLN(IE) = DISPER(IE*KGASLN) - D I S P E R d E #  KGAS) 
LTGSOL(IE) s 0ISPER(IE*KLTGS) - D I S P E R d E *  KGASLN) 
HVGSOL(IE) s O l S P E R d E * K H V G S ) -  DISPERCIE*KLTGS) 
R E S I D d E )  s D I S P E R d E * I F F )  - D I S P E R d E *  KHVGS) 
UGAS(IE) = DISTIL(IE*KGAS)
U G A S L N d E )  = DISTIL(IE* KGASLN) - DISTIL (IE* KGAS) 
ULTGSL (IE) r DISTIL(IE*KLTGS) - D I S T I L d E *  KGASLN) 
U h Vg SL(IE) =0ISTIL(IE*KHVGS) - D I S T I L d E *  KL T g S) 






DO 710 JU = I #14 
710 PRINT 820 ( C R E T M ( J U # J I )# JI r 1#15) 
PRINT 815
DO 715 IPEL s 1# 14
00 716 ITEST : 1* 16 
KPR s K C A R O d R E L *  ITEST)
716 R S T P d R E L *  ITEST) = R S T (I R E L * K P R ) 
715 CONTINUE
00 717 IREL = 1* 14
717 PRINT 816 (P.STPdREL* ITEST)* ITEST
PRINT 817
PRINT 816 (YA (IY) , IY :  1* 15)
PRINT 818
PRINT 816 ( F X (IY) * IY r 1*15)
PRINT 819
PRINT 816 (XA(IY)# IY s 1* 15)






DO 590 TFP.AC = 1* 14 
PRINT 995 I 2 L 0 C K (I F R A C )*
3 G A S ( I F R a C )* G A S O L N ( I F R A C )* L T G S O L ( I F R A C ), H V G S O L ( I F R A C )•
1 RESID(IFRAC)* UGAS(IFRAC)*U GASLN(IFRAC)* ULTGSL(IFRAC)*
2 UH.VGSL (I F R A C ) * U R E S I D (IFRAC)
590 CONTINUE
PRINT 996
DO 522 IFRAC :  1* 14 
KGAS s KCA*>5(IFRAC* 1)
KGASLN s KCARB(IFRAC* 5)
KHVGS s K C A R B ( I F R a C* 15)
KLTGS s K C A R B ( I F R a C* 10)
KRESID = IPOINT(IFRAC)
522 PRINT 995 I B L O C K ( I F R A C ) * D I S P E R (I F R A C # K G A S ) • D I S H E R ( I F R A C # K G A S L N ) #
1 D I S P E R (IFRAC * K L T G S )» D I S P E R ( I F R A C * K H V G S ), D I S P E R (IFRAC *




2 KRFSID)# DISTXL(IFRAC'KGAS)» D ISTIUIFRAC.KGASLN)f
DISTIL(IFRAC#KLTGS)# 0ISTIL(IFRAC»KHVGS)« D I S T I L (IFRAC# 
KRESIO)
PRINT 970 IgL 
PRINT 972
00 570 IBP s 1» Ib L
PRINT 958 BT(IBP)# RBT(IBP)# SAVBAR(IBP)# BLAND(IBP)# BLAPER(IBP) 
570 CONTINUE
PRINT 915 BLANK
DO 500 I*EL = 1# 1H 
LW s IPOINT(IREL)
PRINT 950» I B L O C K (IREL)
PRINT 951
PO 510 TENn r 1, LW
PRINT 959 S T (I R E L # I E N D ) # R S T (I R E L # I E M O ) # S A R (I R E L # I E N O ) *
1 C S A R d R E L t  IENO) # PERCEN( IREL* I E N C ) # O l b T I L (IREL# IENO) #
2 P R O P E R (IREL #I E N O )# D I S P E R (IREL #I E N P )# TEM P b P (I R E L # I E N O ) 
510 CONTINUE
PRINT 916 'JSART(IREL) # CSART(IREL)
500 CONTINUE
605 F O R M A T (• 1 * # 4 6 X # 'KNOWN CA R B O N  NUMBERS* /)
806 F O R M A T ( 6 X # '5'# 7X# '6'# 7X# *7'# 7X# '8'# 6X# '10'# 6X# *11*#
1 6X# • 12' # 6X# '14*# 6X # * 16' # 6X# *17*# 6X# *18*# 6X#»20*»
2 6X# *22*# 6X# *24*# 6X# *27*)
810 F O R M A T ( /«M>X» *KNO*N C ARPON P F T f N T I O N  TI^ES*# * ( S E C O N D S ) * /)
815 FORMAT( /46X# *K N O W N  CAR B O N  RELAT I V E  TIMES*# • ( R E L - S E C ) * /)
816 P0RMAT(1X, F7.3# 14F8.3)
017 FORMAT ( /<**X# * N O R M A L  BOILING P O INT T F M P F R A T U R E S * # • (OEg - O *  /) 
CIS FORMAT ( /«*6X# *Ca L CULA T E O  BOI L I N G  POINT TEMP E R A T U R E S  •#
1 * (T E G - C )* /)
P19 F O R M A T ( / 46X# 'AVERAGE RE L A T I V E  TIMES*# • (REL-SEC)* /)
820 F O R M A T (I X # 15F8.2)
921 FORMAT( IX# 1518)
900 FORMAT (2110)
910 F O R M A T ( 8F1C.1)
915 F O R M A T ( / 36X# * TOTAL AREA*# F20.3)
916 FORMAT(/15X# *TOT a L AREA * # 2F15.2)
920 FORMAT { 2F10.1 )
950 F O R M A T ( *1*27X# *0IL SHALE BLOCK N U M 3 E R * # I#//)
951 F O R M A T U X *  'RETENTION'# 4X *REL a TIVE* # 5X# • INTEGRATED* # 6X#
1 *CORRECTEO*# 8X# *PEAK* # 6X# •SUB-TOTAL*# 4 X # * C O R - P E A K *#
2 5X»*SUB-TOTAL*# 5 X # 'CALC-BP'/ 6X# 'TIME*# 9X» 'TIME'#
3 10X# * A R E A * » 11X# * AREA* # 11X# • AREA * #. 8X# • AREA* # 9X#
4 'AREA*# 9X# *AREA*# 9X# *TEMPt/ UX# *(SECONOS)*# UX#
5 * (REL-SEC)*# 3X# * ( M C V O L T - S E C ) * # 3X# • ( M C V O L T - S E C ) *# UX#
6 * ( P E R C E N T ) '# UX# * ( P E R C E N T ) *# UX# * ( P E R C E N T ) * # UX#
7 '(PERCENT)*# 5X# * ( D E G - C ) • )
955 FORMAT(IX# 5F20*3)
959 F O R M A T ( IX# P11.2 # F13.3# 2F15.2# 5F13.3# )
970 F O R M A T ( *1«# U S X # 12# 2X# •BLANK POINTS*//)
972 F O R M A T (1 3 X # *RETENTION* # 12X# ' R E L A T I V E * #11X# ♦I N T E G R A T E D * #
3 U X #  * INDIVIDUAL* # 10X# 'SUB-TOTAL'/
1 15X# 'TIME*# 17X# 'TIME'\ 15X# * AREA* # 18X# 'AREA* # 15X#
U *A R E A f/ 13X# 9 ( S E C O N D S ) *#
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2 1IX# * ( R E L - S E C ) * 9 Q X • • (MICROVOLT-SEC)*. 9X# * ( P E R C E N T ) *t 
5 11X. • ( P E R C E N T ) • /)
980 FORMAT( //<*2Xt *LEAST SQUARES OUAORATIC CO E F F I C I E N T S * /  32X# Fl<*.7#
1 * X*? F 1 U #7»* X ♦ •# FIU.7 / 5 0 X » •ERROR s *tF15.7)
990 F O R M A T ( • 1 • • 55X# •DISTILLATION FRACTIONS* / 6 2 X #’PERCENT* /)
991 F O R M A T (3 2 X # ‘CORRECTED* r <*9Xt * U N C O R R E C T E O * )
992 F O R M A T ( 5X# *BLOCK* »
3 7 X 9 *6AS* 9 <tXr *GASOLN* r UX» *LTGSOL*r <tX» *HVGSOL*» 5X»
1 *RESID*» l6Xr*UGAS*r 4 X t * U G A S L N * 9^ X 9 *ULT6SL*r 4X# *UHVOSL*r
2 <*Xr *URESID*/)
99*4 FORMAT( 63Xr *FRACTION* /)
995 F O R M A T (I X » 19# 5F10.3# 10X# 5F10.3)
996 FORMAT(/62Xr *ACCUMULATED* /)
SUBROUTINE GAUSS ( A» B# XG# NROWS# NCOLS# Cr D)
DIMENSION A(NROwS# N C O L S ) # B (N R O W S )# X G ( N R O W S ) r C ( N R O W S # N C O L S )# 0(N 
CROWS)
DO 21 II s I# NROWS
21 A (I I »NCOLS) = B (I I )
NJ= NROWS - 1 
DO 1100 N = 1, NJ 
00 1101 M : Nt NROWS 
O(N) s A(N»N)
D(M) r A(M»M)
IF ( A 8 S ( P ( V ) ).GT. ABS(D(N)>) GO TO 1110 
60 TO 1101 
1110 LO 11 J = N# N C OLS 
C (Nt J) = A(f>J)
A(NrJ) S A ( V r j )
11 A(M#J) S C (M #J )
1101 CONTINUE  
NI s N ♦ 1 
LI s N
00 2 L s MI# NROWS  
00 3 LA s Nr NCOLS
3 C (L # L A ) = M L » L A )  - (A(L»L1)*A(L1#LA))/A(Ll#Ll)
2 CONTINUE
DO 5 LS MI » NROWS 
d o  6 l a  s r:» NCOLS
6 A ( L ' L A ) = C(L»LA)
5 C ONTINUT  
1100 CONTINUE
55 DO 56 IP : If NROwS
56 B(IB) = A(T£r NCOLS)
DC 56 I -  lr NROWS
L = NROWS - I ♦ 1 
T = P(L)
IF ( I .EO. 1 ) GO TO 91
II s I • 1 
DO 92 J s lr II 
MM = NRO"S -  J  -f 1 
92 r : Y • A(LrMM)*X$(MM)
91 XG(L) s T/A(LrL)
58 CONTINUE  
RETURN  
END
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APPENDIX B
RAW CHROMATOGRAM DATA
Presented in this Appendix are the raw chromatogram data as dis­
played by the Spectra-Physics Autolab System I integrator.




The single digit number following area and concentration refers to 
the type of peak integrated by the Autolab's method of demarcation.






















































1339 8 .372 1
1434 .162 1
1507 7.134 1
1556 .124  1
1617 .207 1
1640 .152  1
1661 9 .203 1
1730 .199  1
1800 9.876 1
1836 .100  1
1863 .300  1
193 2 13.173 I
1965 .311 1
2003 .957  1
2091 1.192 1
2193 .796 1 
99.997
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5 7 0 4  1 8 3 1 1 . 2 6 4  1
5 2 3 4  1 8 4 4 1 * 1 5 9  1
1 1 4  5 1 9 3 1 • 2 5 4  1
3 9 6  1 9 5 7 • 0 3 8  1
4 7 5 1  1 1 0 0 2 1 . 0 5 2  1
1 3 9 5  1 1 0 3 8 • 4 2 0  1
5 5 0  1 1 1 1 6 . 1 2 2  1
4 5 3  1 1 1 4 9 • 1 0 0  1
1 4 4 3  1 1 2 4 5
^ ^  • • 
• J C. 1 i
2 3 8 5  1 • 1 3 3 2 • 5 2 6  1
1 4  5 2  1 1 3 7 4 • 3 2 2  1
5 8 5 6  1 1 4 2 0 1 * 2 9 7  1
9 6 7 2  I 1 4 5 6 2.143  1
2 6 5 7  1 1485 • 5 8 9  1
5800 1 1 5 0 3 1.235 1
2371 1 1 5 3 1 .525  1
8782 1 1 5 7 9 1 . 9 4 6  1
5 5 6 9  1 1 5 9 6 1.234 1
1 0 6 3 2  1 1 6 5 4 2.355 1
16690 1 1725 3 . 6 9 8  1
1 9 7 0 1  1 1 7 9 2 4*365 i
23999 1 1858 5.317 I
36836 I 1 9 2 0 8 . 1 6 1 1
5 9 6 7 0  1 1989 13.220 i
36512 1 2 0 7 1 8*089 1
7 7 4 6 9  i 2 1 6 9 17.163 i
•10 37a 5 I 2 2 9 0 22.984 1
451374 100.00 I
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134
From Parent Block 11
TIME AREA
78 3 4 6 6 6
1 01 2 4 3 0 8
1 3 6 7 3 9 4
1 5 9 2 6 0 6 6
1 9 8 2Q32
2 2 2 5 5 « 0
2 4 3 2 8 6 8
2 6 1 2 6 2 9 5
3 1 1 6 0 9 6
3 5 4 4 6 4 9
3 9 4 1 5 6 o 3
4 0 4 1 5 4 - 4
4 7 2 7 4 1 9
4 9 2 5 1 0 8
S39 18 5 3 8
5 4 5 8 5 1 4
5 8 0 3 0 2 3
6 0 9 9 7 1
6 2 8 4 6 7 9
6 7 5 3 1 0 9 7
7 2 4 8 2 8 3
7 6 4 4 9 2 3
7 8 0 2 5 5 1
8 0 3 2 5 0 7 1
8 3 6 1 1 U 2
850 * 9 0 3 2
8 7 9 3 3 6 2
8 9 4 6 2 8 0
9 2 6 3 3 3 2 9
9 8 8 1 7 * 3 7
1 0 3 5 3 2 9 9 0
1 0 9 8 1 2 5 9 1
1 1 3 7 2 8 3 4 6
1 1 9 7 9 6 8 2
1 2 1 0 1 0 2 0 1
1 2 3 « U S 2 9
1 2 5 0 9 9 3 5
1 2 9 3 4 3 9 8
1 3 0 7 5 1 4 6
1 3 2 4 1 6 5 2 2
1 3 6 4 1 1 0 2 8
1 4 0 9 1 8 5 7 7
1 4 4 3 1 7 5 0 1
1 4 9 1 2 4 6 0 6
1 S 2 2 1 4 5 8
1 5 4 0 4 2 6 2
1 5 6 9 • 2 4 2 0 9
1 6 4 2 1 9 4 2 9
1 6 7 1 8 9 7 3
1 7 1 4 2 5 3 4 7
1 7 8 1 2 S 9 7 5
1 8 4 7 2 2 0 0 9
1 9 1 1 SC635
1 9 8 4 3 7 0  73
2 0  7 0 5 3 7 3 *J
2 1 7 * 7 4 1 o 9
• 9 4 7 0 4 6
TIME CONC
76 3 . 6 6 2  1
101 2 . 5 6 7  I
1 3 6 • 7 8 1  i
1 5 9 2 . 7 5 2  1
1 9 8 • 2 1 4  1
2 2 2 • 5 6 5  1
2 4 3 • 3 0 3  I
2 5 1 2 . 7 7 7  1
3 1 1 • 6 4 4  1
3 5 4 • 4 9 1  1
3 9 4 1 . 6 5 6  1
4 0 4 1 . 6 3 6  1
4 7 2 • 7 3 3  1
4 9 2 • 5 3 9  1
5 3 9 1 * 9 6 3  1
5 4 5 • 8 9 9  1
5 8 0 . 3 4 8  1
6 0 9 • 0 9 2  1
6 2 3 • 4 9 4  1
6 7 5 3 * 2 3 4  1
7 2 4 • 8 7 5  1
7 6 4 • 5 2 0  I
7 8 0 • 2 6 9  1
8 0 3 2 * 6 4 7  I
8 3 6 1 . 1 7 6  I
8 5 0 • 9 5 4  1
8 7 9 • 3 5  5 1
8 9 4 • 6 6 3  I
9 2 6 3 * 5 1 9  I
9 8 8 1 . 8 1 5  I
1 0 3 5 3 * 4 3 3  I
1 0 9 8 1 * 3 4 0  1
1 1 3 7 2 * 9 9 3  1
1 1 9 7 1 . 0 2 2  1
1 2 1 0 1 * 0 7  7 I
1 2 3 4 1 * 9 5 6  1
1 2 6 0 1 . 0 4 9  1
1 2 9 3 • 4 6  4  1
1 3 0 7 • S 4 3  1
1 3 2 4 1 . 7 4 5  1
1 3 6 4 1 * 1 6 4  1
1 4 0 9 1 * 9 6 2  1
1 4 4 3 1 * 8 4 3  1
1 4 9 1 2 * 5 9 8  1
1 5 2 2 • 1 5 4  1
1 5 4 0 • 4 5 0  I
1 5 6 9 2 . 5 5 6  I
1 6 4 2 2 . Obi  1
1 6 7 1 • 9 4 7  1
1 7 1 4 2 * 6 7 6  1
1 7 8 1 3 * 0 5 9  1
1 3 4 7 2 * 3 2 4  1
191  1 5 * 3 4 7  1
1 9 8 4 3 * 9 1 5  I
2 0 7 0 5 * 6  79  I
2 1 7 4 7 * 8 3 2  1
9 9 *  7
































1 0 2 9
1 0 8 9
1 1 3 1
1 1 9 3
1 2 2 7
1 2 7 2
1 2 9 3
1 3 1 8
1 3 5 8
1 3 7 1
1 4 0 3
1 4 3 8
1 4 8 5
1 5 1 5
1 5 3 4
1 5 6 2
1 5 8 8
1 6 3 5
1 6 6 2
1 6 8 6
1 7 0 6
1 7 2 8
1 7 7 3
1 7 9 7
1 8 3 9
1 6 0 3
1 9 0 2
1 9 7 3
2 0 3 7
2 1 5 8
2 2 3 2
2 4 3 5
From Parent Block 12
area T 1 HE C0NC
6 a o s i  ; 75 3 . 8 2 1
5 0 3 3 3  I 9 8 2 * 9 7 5
7 9 1 3  1 1 2 2 • 4 b 8
6 4 4 9  1 1 3 0 • 3 3  1
5 2 3 9 4  I 1 5 3 3 . 0 9 6
3 7 3 2  I 191 • 2 2 0
9 7 7 9  I 2 1 5 . 5 7 8
5 9 1 4  I 2 3 7  * • 3 4 9
5 3 6 * 0  I 2 5 2 3 . 1 7 1
»CS25 1 3 0 5 • 6 2 2
3 5 1 8  1 3 4 7 • 5 0 3
3 0 3  7 a 1 3 8 6 1 * 7 9 5
3 0 5 3 1  1 3 9 5 1 . 8 0 4
1 3 2 4 1  1 4 6 5 • 7 8 2
7 3 9 8  1 4 8 6 • 4 3 7
2 8 2 3 6  1 5 3 0 I * 5 6 9
2 5 0 6 8  I 5 3 7 1 . 4 6 1
1 0 6 2 7  1 5 6 9 • 6 2 8
4 1 0 9  1 5 8 8 • 2 4 3
7 8 8 5  1 6 2 3 • 4 6 6
5 6 3 2 9  I 8 6 5 3 * 3 2 9
6 1 0 1  I 7 1 6 • 3 6 0
9 0 0 2  1 7 4 2 • 5 3 2
5 3 4 3  I 7 6 5 • 3 1 6
4 3 7 5 9  1 7 9 6 2 . S 8 6
1 5 1 5 3  1 8 2 7 • 8 9 6
1 0 7 7 S  I 8 4 3 . 6 3 7
1 2 1 2 0  I 8 8 0 • 7 1 6
5 1 4 3 7  1 9 1 8 3 * 0 4 0
1 9 1 7 3  1 9 8 1 1 . 1 3 3
4 8 7 8 3  1 1 0 2 9 2 « 3 8 3
1 6 4 3 8  1 1 0 8 9 • 9 7 1
4 3 2 0 8  I 1 1 3 1 2 * 5 5 3
2 4 6 5 0  1 1 1 9 8 1 * 4 6 9
3 7 9 6 4  1 1 2 2 7 2 * 2 4 4
4 2 2 0  1 1 2 7 2 * 2 4 9
1 0 6 0 2  1 1 2 9 3 . 6 2 6
3 1 1 3 7  1 1 3 1 8 1 . 8 4 0
8 7 6 3  1 1 3 5 8 * 5 1 3
4 1 7 4  1 1 3 7 1 * 2 4 7
3 3 8 9 6  1 1 4 0 3 2 * 0 0 3
2 0 1 4 1  1 1 4 3 8 1 * 1 9 0
3 3 7 1 7  1 1 4 8 5 1 * 9 9 3
7 7 S 4  1 1 5 1 5 * 4 5 3
5 3 0 0  1 1 5 3 4 * 3 1 3
3 5 3 9 4  I 1 5 6 2 2 * 0 9 2
3 5 1 3  1 1 5 8 8 * 2 0 8
3 1 7 5 5  I 1 6 3 5 l . d  77
1 0 2 5 7  1 1 6 6 2 * 6 0 6
8 5 8 3  1 1 6 8 6 . 5 0 7
' 2 1 3 4 7  I 1 7 0 6 1 . 2 6 2
1 1 2 1 9  1 1 7 2 3 . 5 6 3
3 0 7 6 2  1 1 7 7 3 1 . 8 1 8
1 4 7 6 5  1 1 7 9 7 . 8 7 3
3 2 3 3 3  1 1 3 3 9 1 . 9 1 4
1 3 9 6 3  I 1 3 6 3 . 8 2 5
6 1 1 5 0  1 1 9 0 2 3 . 6 1 4
5 2 0 2 3  1 1 9 7 3 3 . 6 6 5
7 1 0 5 8  1 2 0 5 7 4 , 1 9 9
35  7 01  I 2 1 5 3 5 . 0 5 5
9 O b i ?  1 2 2 8 2 5 . 3 6 s
1 1 5 9 2 0  I 2 4 3 5 6 . 3 5  I
1 5 9 2 1 1 0 9 9 . 9 9 8
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From Parent Block 13
136
t i n s : AREA
71 3 2 9 1 0
9 6 2 C 0 3 9
1 2 8 8 3 3 0
1 51 1 8 3 0 2
1 8 6 3 3 9
2 1 6 7 2 2 9
2 5 0 13 1 9 9
2 9 6 3 1 4 2
3 1 9 2 3 6 4
3 3 8 4 9 6 0
3 7 8 2 2 1 2 8
4 3 2 2 3 2 6
4 5 7 1 1 3 4 7
5 2 1 1 7 2 9 9
5 6 8 5 0 9 5
5 8 4 6 5 o S
6 1 4 30SS
6 5 5 1 7 1 6 1
6 8 2 2 2 4 6
7 0 8 7 2 2 7
7 4 8 4 2 7 6
7 6 2 3 2 1 9
7 8 5 1 4 3 7 S
8 2 0 1 0 3 2 2
8 3 4 8 4 2 3
8 7 8 9 1 1 4
9 0 7 2 1 2 0 3
9 7 1 2 0 0 3 5
1 0 1 6 2 6 1 6 9
1 0 7 4 5 2 5 6
1 0 8 4 4 2 3 0
1 0 9 7 3 8 6 7
1 1 2 0 1 6 1 0 5
1 1 5 1 1 8 4 0
1 1 7 8 8 7 4 3
1 2 1 7 2 0 8 4 3
1 2 4 7 4 3 9 5
1 2 7 7 2 9 9 1
1 3 0 8 1 5 3 2 4
1 3 4 9 1 0 2 1 1
1 3 6 7 4 7 1
1 3 9 4 1 3 0 7 8
1 4 2 3 1 0 0 4 2
1 4 4 7 * 2 2 1
1 4 7 7 1 8 8 S 2
1 5 1 1 1 2 4 4
1 5 2 6 3 9 9 4
1 5 5 4 1 9 8 6 8
1 6 2 8 1 8 4 1 6
1 6 5 7 5 6 2 3
1 6 7 9 6 8 5 7
1 7 0 0 1 0 8 7 4
1 7 6 9 . 2 6 8 3 4
1 8 3 4 3 2 7  72
1 9 0 0 S ea *  7
1 9 7 5 4 3 J 5 S
2 0 6 5 5 6 7 1 ?
2 1 7 3 1 7 0 9 b b
. 9 2 4 1 7 2
T1HE CONC
71 3 * 5 6 1
9 6 2 * 1 6 8
1 2 8 * 9 0 1
1 5 1 1 * 9 8 0
1 8 6 * 0 3 7
2 1 6 • 7 e 2
2 5 0 1 * 9 0 9
2 9 6 * 3 4 0
3 1 9 • 2 5 6
3 3 8 * 5 3 7
3 7 8 2 * 3 9 4
4 3 2 *2 5 2
4 5 7 1 * 2 2 8
5 2 1 1 * 8 7 2
5 6 8 * 5 5 1
3 6 4 • 7 0 4
6 1 4 * 3 3 1
6 5 5 1 * 8 5 7
6 8 2 * 2 4 3
7 0 8 • 7 8 2
7 4 8 , 4 6 3
7 6 2 • 3 4 8
7 8 5 1 . 5 5 5
8 2 0 1 . 1 1 7
8 3 4 • 9 1 1
3 7 9 • 9 8 6
9 0 7 2 . 2 9 4
9 7 1 2 . 1 6 8
1 0 1 6 2 . 8 3 2
1 0 7 4 • 5 6 9
1 0 8 4 • 4 5 3
1 0 9 7 • 4 1 3
1 1 2 0 1 * 7 4 3
U S 1 • 1 9 9
1 1 7 8 . 9 4 6
1 2 1 7 2 . 2 5 5
1 2 4 7 • 4 7 6
1 2 7 7 . 3 2 4
1 3 0 8 1 * 6 5 8
1 3 4 9 1 * 1 0 5
1 3 6 7 * 0 5 1
1 3 9 4 1 * 4 1 5
1 4 2 3 1 . 0 8 7
1 4 4 7 . 4 5 7
1 4 7 7 2 . 0 4 0
1 5 1 1 • 1 3 5
1 5 2 6 * 4 3 2
1 5 5 4 2 . 1 5 0
1 6 2 8 1 . 9 9 3
1 6 5 7 • 6 0 8
1 6 7 9 . 7 4 2
1 7 0 0 1 . 1 7 7
1 7 6 9 2 . 9 0 4
1 8 3 4 3 . 5 4 6
1 9 0 0 6 * 2 6 7
1 9 7 5 4 . 6 9 1
2 0 6 5 6 . 1 3 7
2 1 7 3 1 8 . 5 0 0
1 0 0 * 0 0 2



























•  9 7 6
1 0 0 6
1 0 2 3
1 0 8 4
U05
1 1 2 5
1 1 5 2
1 1 8 4
1200
1222
1 2 4 9
1 2 6 8
1 2 9 2
1 3 1 4
1 3 5 3
1 3 7 0
1 4 0 0
1 4 2 9
1 4 5 2
1 4 8 2
1 5 1 3
1 5 3 1
1 5 5 8
1 6 3 3
1 6 6 2
1 5 8 3
1 7 0 5
1 7 5 4
1 7 7 2
1 7 9 8
1 8 3 8
1 9 0 4
1 9 8 2
2 0 7 a




4 0  A 3 0  
2 0 6 1 6  
7 6 5 1  
1 6 6 * 5  
6 0 9 5  
1 9 2 2 3  
A A 9 tt 
A A A 3
2 1 0 A A 
2 1 2 6
6 0 6  7 
2 8 8  A 
171CA 
7 5 6 9  
2 8 1 0  
1 6 9 0 1  
A9 00 
6 2 3 4  
4 2 3 0  
3 5 4 8  
1 4 3 9 2  
9 7 5 0  
6 9 6 3  
9 1 8 7  
2 0 8 4 6  
U 8 4 1  
5 6 2 7  
1 7 7 3 4  
8 8 3 6  
4 1 0 4  
1 4 8 0 2  
1 1 2 6  
8 0 7 5  
7 6 8 7  
1 1 5 2 1  
4 6 6 3  
2 4 1 3  
74 2*2 
1 2 3 6 8  
9 7 7 6  
3 8 7  
1 4 4 7 4  
8 7 3 6  
4 0 7 3  
1 5 6 5 5  
6 1 7 7  
5 3 3 5  
2 1 5 0 4  
20201 
9 C 4 3  
7S6 2 
1 2 5 2 5  
1 9 4 3 1  
1SS21 
11294 
2 8 6 3 1  
7 2 7 5 3  
6 5 6 4 2
7 ^ J 9 6  
2 3 0 7 J j  





























1 0 0 6
1 0 2 3
1 0 8 4
1 1 0 5
1 1 2 5
1 1 5 2
1 1 8 4
1200
1222
1 2 4 9
1 2 6 8
1 2 9 2
1 3 1 4
1 3 S 3
1 3 7 0
1 4 0 0
1 4 2 9
1 4 5 2
1 4 8 2
1 5 1 0
1 5 3 1
1 5 5 8
1 6 3 3
1 6 6 2
1 6 8 3
1 7 0 5
1 7 5 4
1 7 7 2
1 7 9 6
1 8 3 8
190A
1 9 8 2
2 0 7 4
2 1 8 6
C O N C  
3 * 8 2 0  
1 * 9 4 8  
* 7 2 3  
1 * 7 6 6  
* 5 7 6  
1 . 8  15
• 4 2 5  
* . 4 2 0
1 * 9 8 8
• 201 
* 5 7 2  
* 2 7 2
1 * 6 1 6
* 7 1 5
* 2 6 5
1 . 5 9 7
• A63
• 5 8 9
• AOO
• 3 3 5
1 * 3 6 0
• 921'
• 6 5 8
• 868 
1 * 9 6 9  
1 . 4 0 2
• 5 3 2  
1 . 6 7 5
• 8 3 5
• 3e8 
1 . 3 9 8
• 1 0 6
• 7 5 3  
. 7 2 6
1 . 0 8 8
•  4 4 1  
. 2  2 8  
. 7 0 1
1 . 1 6 8
. 9 2 4
. 0 3 7
1 . 3 6 7
. 6 2 5
. 3 8 5
1 . 4 7 9
. 5 8 4
. 5 0 4
2 . 0 3 2
1 . 9 0 8
• 8 5 4  
. 7 1 4
1 . 1 8 3  
1 . 8 3 6  
1 * ^ 6 6  
1 . 0 6 7  
2* 7uS 
5 * 8 7 3  
6*220 
6 * 9 3 4  
2 2 * 0 6 6  
9 9 . 9 9 7
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138
From Parent Block 18
T i n e AftCA
6 6 7 4 2 4 3
93 3 7 4 3 3
1 2 5 1 3 7 3 d
1 4 7 3 6 6 9 5
181 8 2 1
2 1 3 1 2 4 9 4
2c* 3 2 7 9 2
2 9 3 3 6 9 1
3 1 6 3 4 3 2
3 3 7 7 4 6 0
3 6 0 5 2 0 6
3 7 6 3 3 7 6 1
4 3 2 3 4 4 0
4 5 7 8 7 7 8
4 6 9 1 1 6 6 4
$ 2 1 3 0 S 1 S
5 7 4 7 3 7 8
5 8 7 6 7 0 7
6 1 1 5 9 3 5
6 3 4 3 1 8 6
6 5 8 3 5 3 7 4
7 0 9 8 0 8 9
7 4 9 9 6 2 5
7 6 6 1 0 2
7 8 7 2 6 0 6 8
8 2 3 1 0 6 9 8
8 3 9 9 8 4 6
8 7 6 4 7 8 8
. 9 1 1 3 7 8 4 0
9 6 6 5 3 3 3
9 9 1 1 2 8 4 7
1 0 2 3 2 4 3 5 0
1 0 4 8 8 6 7 3
1 0 7 8 1 0 0 1 9
1 1 0 1 1 1 9 5 4
1 1 2 6 2 7 1 6 4
1 1 8 3 2 0 4 0 7
1 2 2 3 2 8 2 8 4
1 2 6 7 5 1 7 0
1 2 8 7 6 2 8 0
1 3 1 4 1 7 4 0 1
1 3 5 4 1 3 4 1 5
1 3 7 1 4 9 8 0
1 4 0 1 1 8 7 5 6
1 4 2 9 1 6 2 2 3
1 4 8 3 2 7 8 3 7
1 5 1 2 8 9 8 3
1 5 5 9 2 2 5 5 7
1 5 7 8 1 2 0 1 3
1 6 1 9 9 4 2 3
1 6 3 5 1 5 2 2 7
1 6 6 3 9 0 6 7
1 7 0 7 2 6 3 7 4
1 7 3 4 3 5 3 2
1 7 7 5 2 3 2 3 7
1 8 0 5 2 8 9 7
1 8 4 1 2 1 1 2 8
1 9 0 5 4 7 4 4 0
1 9 7 8 3 7 2 6 5
2 0 6 3 4 0 3 5 2
2 1 6 7 8 7 3 8 6
1 1 1 4 8 2 3
TI MC COMC
6 6 6 * 6 5 0
9 3 3 . 3 5 3
1 2 5 1 . 2 3 7
1 4 7 3 . 2 9 2
1 8 1 • 0 7 4
2 1 3 1 . 1 2 1
2AS 2 . 9 4 1
2 9 3 . 3 3 1
3 1 6 . 3 0 8
3 3 7 . 6 6 9
3 6 0 . 4 6 7
3 7 6 3 . 0 2 8
4 3 2 . 3 0 9
4 5 7 . 7 8 7
4 6 9 1 . 0 4 6
5 2 1 2 . 7 3 7
5 7 4 • 6 6 2
5 8 7 • 6 0 2
6 1 1 • 5 3 2
6 3 4 . 2 3 6
6 5 8 3 . 1 7 3
7 0 9 • 7 2 6
7 4 9 • 8 6 3
7 6 6 • 0 0 9
7 8 7 2 . 3 3 8
8 2 3 • 9 6 0
8 3 9 • 8 8 3
8 7 6 • 4 2 9
9 1 1 3 « 3 9 4
9 6 6 • 4 7 8
9 9 1 1 • 1 5 2
1 0 2 3 2 * 1 8 4
1 0 4 8 • 7 7 8
1 0 7 8 • 8 9 9
1 1 0 1 1 * 0 7 2
1 1 2 6 2 * 4 3 7
1 1 8 3 1 * 8 3 0
1 2 2 3 2 * 5 3 7
1 2 6 7 * 4 6 4
1 2 8 7 • 5 6 3
1 3 1 4 1 * 5 6 1
1 3 S 4 1 « 2 0 3
1 3 7 1 • 4 4 7
1 4 0 1 1 « 6 8 2
1 4 2 9 l . « 5 5
1 4 8 3 2 * 4 9 7
1 5 1 2 . 8 0 6
1 5 5 9 2 . 0 2 3
1 5 7 8 1 * 0 7 3
1 6 1 9 * 3 4 5
1 6 3 5 1 * 3 6 6
1 6 6 3 * 8 1 3
1 7 0 7 2 . 5 4 5
1 7 3 4 . 3 1 7
1 7 7 5 2 . 5 3 3
1 8 0 5 . 2 6 0
1 8 4 1 1 . 8 9 5
1 9 0 5 4 * 2 5 5
1 9 7 8 3 * 3 4 3
2 0 6 3 3 . 6 2 0
2 1 6 7 7 . 8 ^ 9
9 9 . 9 9 9
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From Parent Block 17
TIMC AREA
72 7 9 8 2 5
95 5 8 1 7 8
1 29 2 2 2 1 9
ISC 5 4 8 9 5
139 5 7 1 1
2 * 5 2 3 u 0 9
2 4 5 5 3 4 6 3
2 9 6 1 0 3 0 7
3 3 6 I 5 5 b 9
3 7 4 6 1 6 8 3
4 3 0 5 5 5 3
4 5 3 1 3 1 2 5
4 6 8 1 6 9 1 0
5 1 8 5 0 0 3 6
5 6 2 1 2 4 7 0
5 8 5 1 0 4 3 5
6 0 9 1 0 1 1 6
6 5 3 4 8 3 *  I
6 8 0 1 2 9 * 5
7 0 4 1 1 5 6 9
7 3 1 2 2 6 8 2
7 5 5 3 7 8 1
7 8 4 3 9 7 1 9
8 1 9 1 5 8 C 0
8 3 3 1 2 S 35
8 7 0 1 8 5 9 4
9 0 ? 5 6 1 8 8
9 7 1 3 2 3 0 6
1 0 1 9 5 7 1 0 7
1 0 7 7 2 4 5 9 9
1 1 0 0 1 2 2 3 0
1 1 2 0 A 1 4 6 0
1 1 7 9 2 4 3 2 9
1 1 9 1 2 0 1 2 8
1 2 1 8 3 8 7 0 0
1 2 6 4 6 5 4 3
1 2 7 6 6 1 6 1
1 2 9 0 8 8  19
1 3 1 0 2 7 1 7 3
1 3 4 9 2 3 1 0 1
1 3 6 4 1 7 0 9
1 3 9 6 3 0 3 3 4
1 4 2 4 2 0 6 9 9
1 4 4 9 8 3 0 9
1 4 7 8 2 7 7 7 8
1 5 0 5 1 6 1 6 0
1 5 5 4 3 2 1 3 9
1 5 7 4 1 5 2 1 1
1 6 2 9 3 4 7 0 1
1 6 5 8 1 4 0 5 5
1 6 8 0 1 1 5 0 9
1 7 0 1 3 0 9 1 4
1 7 2 8 3 1 3 0
17 51 1 2 0 1 5
1 7 6 9 2 1 2 * 9
1 7 9 4 1 6 7 9 9
1 8 3 5 3 2 5 5 7
1 8 9 9 9 3 4 3 9
1 9 7 3 6 2 9 0 9
2 3 5 3 7 5 u o 9
2 1 6 4 2 4 5 3 2 8
1 8 6 6 9 3 7
ti me CONC
7 2 4 * 2 7 6
9 5 3 . 1 1 6
1 2 9 1 . 1 9 0
ISO 2 . 9 4 0
1 8 9 . 3 0 6
2 1 5 1 . 2 3 2
2 4 5 2 . 8 6 4
2 9 6 . 5 7 9
3 3 6 • S3S
3 7 4 3 . 3 0 4
4 3 0 . 2 9 7
4 5 3 . 7 0 3
4 6 8 . 9 0 6
5 1 8 2 . 6 8 0
5 6 2 . 6 6 8
5 8 S . 5 5 9
6 0 9 • S42
6 5 3 2 . 5 9 0
6 8 0 • 6 9 3
7 0 4 • 6 2 0
7 3 1 1 * 2 1 5
7 5 5 . 2  0 2
7 8 4 2 . 1 2 7
8 1 8 • 8 4 6
8 3 3 • 6 7 1
8 7 0 • 9 9 6
9 0 6 3 * 0 1 0
9 7 1 1 * 7 3 0
1 0 1 9 3 . 0 5 9
1 0 7 7 1 . 3 1 8
1 1 0 0 . 6 5 5
1 1 2 0  * 2 * 2 2 1
1 1 7 9 1 * 3 0 3
1 1 9 1 1 * 0 7 8
1 2 1 8 2 * 0 7 3
1 2 6 4 • 4 5 8
1 2 7 6 • 3 3 0
1 2 9 0 . 4 7 2
1 3 1 0 1 * 4 5 5
1 3 4 9 1 . 2 3 7
1 3 6 4 . 0 9 1
1 3 9 6 1 . 6 2 S
1 4 2 4 1 . 1 0 9
1 4 4 9 . 4 4 5
1 4 7 8 1 . 4 8 8
1 5 0 5 . 8 6 6
1 5 5 4 1 . 7 2 1
1 S 7 4 • 8 1 5
1 6 2 9 1 . 8 5 9
1 6 5 8 . 7 5 3
1 6 8 0 * 6 1 6
1 7 0 1 1 . 6 5 6
1 7 2 8 . 1 7 0
1 7 5 1 *64  A
1 7 6 9 1 . 1 3 8
1 7 9 4 . 9 0 0
1 8 3 5 1 . 7 4 4
1 9 9 9 4 * 4 6 9
1 9 7 3 3 * 3 7 0
2 3 5 8 A . 0 2 2
2 1 6 4 1 3 * 1 4 1
9 9 * 9 9 8





































































From Parent Block 15
ARC A r i mc c o n c
9 3 6 2 2 1 70 5 *917 1
6 3 6 0 8 1 92 4 . 0 2 0  1
2 23 7 0 1 . 1 2 3  1 . 4 1 4  1
6 0861 1 142 3 . 8 4 7  1
5428 1 179 . 3 4 3  1
19165 1 201 1 . 2 1 1  1
5 88 19  I 232 3 . 7 1 8  1
1C691 I 281 . 6 7 6  1
1S408 1 320 . 9 7 4  1
6 2 5 4 8 I 356 3 . 9 5 3  1
17824 1 435 1 . 1 2 7  1
1*866 1 449 . 9 4 0  1
50721 1 497 3 . 2 0 6  1
8 63 7 1 543 . 5 4 6  1
1768 1 550 . 1 1 2  1
10318 1 566 *652 t
8 66 6 1 588 . 5 4 8  1
37e6 1 814 . 2 3 9  1
4 9 4 2 2  1 633 3 . 1 2 4  1
6 3 47  1 658 . 4 0 1  1
13251 1 686 . 8 3 8  1
51 3 I 707 . 0 3 2  1
6 9 0 4  1 724 *436 I
7558 1 741 , 4 7 8  1
41031 1 762 2 . 5 9 3  1
12651 1 797 . 8 0 0  1
9 4 6 6  1 814 . 5 9 8  1
16070 1 852 1 . 0 1 6  I
5 42 32  1 886 3 . 4 3 1  1
2 3 4 82  1 963 1 . 4 8 4  1
4 4 6 7 7  I 998 2 . 8 2 4  1
4 2 0 8  1 1024 . 2 6 6  1
1 3256 I 1055 . 8 3 8  1
8 4 3 3  1 1065 *S33 1
9 8 9 3  1 1079 . 6 2 5  1
3 94 0 7 1 1102 2 . 4 9 1  1
27 10 2 1 1161 1*713 1
4 0 2 2 6 1 1199 2*542 1
6 6 5 8 1 1246 . 4 2 1  1
10589 1 1260 . 6 6 9  1
26 73 0 1 1290 1*689 1
15 60 8 1 1331 *986 1
6 3 3 9  1 1347 . 4 0 1  1
25861 1 1378 1*635 1
19042 1 1407 1*204 1
7152 1 1432 *462 I
2 60 1 8 1 1460 1 . 6 4 4  1
12686 1 1488 . 8 0 2  1
2 9 2 6 4 1 1538 1 . 8 5 0  1
12381 I 15S7 . 7 8 2  1
3 1 4 6 9 1 1813 1 . 9 6 8  1
12330 1 1841 . 7 7 9  1
8 6 0 0  1 1664 *543 1
2 3 9 3 9 1 1884 1*513 1
2844 1 1710 *180 1
8 36 3 I 1734 . 5 2 9  1
17024 I 1752 1*076 1
11749 1 1776 . 7 4 3  I
5 62 5  I 1802 . 3 5 6  1
16094 I 1818 1*017 1
12220 I 1846 . 7 7 2  1
3 5 8 1 0 I 1881 2 . 2 6 3  1
3 79 93  1 1952 2 . 4 0 1  1
4 0 1 37  1 2032 2 . 5 3 7  1
50287 1 2129 3 . 1 7 8  1
112031 1 2246 7 . 3 8 1  1
1 58 2119 99* 99 7
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From Parent Block 16
TtMC AREA rtMc CONC
11 831 I ii •040 1
78 86257 1 4«lb8 1
97 63067 1 97 3*040 1
131 24005 1 131 1«157 1
IS1 62373 I 151 3*007 1
192 69*8 1 192 • 335 1
214 19729 1 214 • 951 1
232 6003 1 232 *289 1
249 62662 1 249 3*021 1
200 15677 I 300 • 756 1
3*0 14925 1 340 • 719 1
377 59036 1 377 3.328 1
457 27516 1 457 1.326 I
473 8775 1 473 • 423 1
S20 57970 1 520 2.795 1
S64 14253 1 564 • 68 7 1
576 72! 1 576 • 035 1
S86 9326 1 588 •450 1
612 11170 1 612 • 538 1
497 66*9 1 637 • 321 1
657 49137 1 657 2.369 1
683 13393 1 683 •646 1
707 14018 I 707 • 676 I
742 11071 1 742 • 534 1
7SS 14736 1 755 .710 1
787 46708 1 787 2.252 1
822 16897 1 822 .815 1
837 12884 1 837 .621 1
873 .23410 1 873 1.129 1
f t l 64272 1 911 3*098 1
971 35076 1 975 1*691 1
1024 64343 1 1024 3.102 1
1083 27001 1 1083 1.302 1
1104 13489 1 1104 *650 1
11 £5 47425 I 1125 2.286 1
1194 47625 1 1194 2.296 I
1223 44001 1 1223 2.121 1
1269 9864 I 1269 .476 I
1279 7184 1 1279 .346 1
1294 9809 I 1294 .473 1
1314 32515 1 1314 1*567 1
1354 23151 I 1354 1.116 1
1369 1819 I 1369 .088 1
1401 32563 1 1401 1.570 1
1429 17978 I 1429 .867 1
1452 7804 1 1452 .376 1
1483 29539 1 1463 1.424 1
1512 162S7 I 1512 .  784 I
1534 7439 I 1534 .359 1
1561 37731 1 IS61 1.819 1
1588 5226 1 1588 .252 1
1835 36224 1 1635 1.746 I
1663 15165 1 * 1663 .731 1
1685 11050 1 1685 .533 1
1707 33098 I 1707 1.596 1
1734 5100 1 1734 .246 1
1756 11301 I 1756 • S45 I
1775 20830 I 1775 1.004 1
1842 52424 1 1842 2.527 1
1869 17231 I 1869 .333  1
1905 70724 I 1905 3.409 1
1974 77847 1 1974 3.753 1
2053 84S36 1 2053 4*075 I
2151 286429 1 2151 13.809 1
207*287 99,996




























1 0 0 9
4 0 4 8
1112
1 1 2 8
1 1 5 2
1210
1 2 2 6
1 2 4 9
1 2 9 4
1 3 0 6
1 3 4 0
1 3 8 0
1 3 9 4
1 4 2 5
1 4 5 5
1 4 7 7
1 5 0 7
1 5 3 6
1 5 8 5
1 6 0 5
1 6 4 0
1 6 5 9
1 6 8 7
1 7 1 0
1 7 3 1
1 7 5 5
1 7 7 9
1 8 0 0
1 9 2 4
1 8 4 8
1 8 6 4
1 8 9 6




From Parent Block 19 142
A fit A TIME CONC
6 5 0 4 9  I 72 4 * 6 8 5
4 5 u o 3  1 99 3 * 2 4 6
1 3 2 5 2  1 1 3 6 • 9 5 4
4 1 7 6 9  1 1 6 2 3 * 0 0 8
1 3 7 3  1 2 0 2 • 0 9 9
1 1 2 6  1 2 1 0 • 0 8 1
9 4 0 1  1 2 3 1 . 6 7 7
4 2 3 1 1  1 2 6 8 3 . 0 4 7
7 1 4 8  1 3 2 1 ‘ . 5 1 5
6 3 4 3  1 3 6 6 • 4 5 7
4 5 4 3 1  1 4 0 4 3 * 2 7 2
2 4 6 4  1 4 6 4 . 1 7 7
1 2 7 1 7  I 4 8 6 • 9 1 6
6 2 9  I S 2 0 . 0 4 5
3 7 6 9 6  1 5 4 9 2 . 7 1 5
3 8 3 5  I 5 9 4 . 6 3 6
1 1 0 2  1 6 1 9 . 0 7 9
6 1 7 5  1 6 4 2 * 4 4 5
3 9 4 0 6  1 6 8 7 2 * 0 3 8
9 3 9 2  1 7 3 9 • 6 0 4
8 4 8 2  I 7 9 0 • 6 1 1
3 0 9 6 0  1 8 1 6 2 * 2 3 0
8 8 9 3  1 8 5 0 • 6 4 0
6 1 0 3  1 8 6 6 • 4 4 0
1 1 5 6 0  1 9 0 3 • 8 3 3
3 6 4 0 4  1 9 3 8 2 * 6 2 2
1 6 6 0 0  1 1 0 0 9 1 * 1 9 6
3 2 5 9 2  1 1 0 4 8 2 * 3 4 7
1 4 7 2 0  1 1 1 1 2 1 * 0 6 0
5 0 1 4  I 1 1 2 8 *3 61
2 7 7 5 7  1 1 1 5 2 1 * 9 9 9
1 2 7 2 1  1 1 2 1 0 • 9 1 6
1 0 5 3 3  1 1 2 2 6 • 7 5 9
2 8 8 9 3  1 1 2 4 9 2 * 0 8 1
4 5 8 5  I 1 2 9 4 • 3 3 0
4 4 2 1  1 1 3 0 6 • 3 1 8
2 7 3 2 1  1 1 3 4 0 1 * 9 6 8
9 9 0 3  1 1 3 8 0 * 7 1 3
5 1 6 3  1 1 3 9 4 • 3 7 2
2 5 6 0 9  1 1 4 2 5 1 . 8 4 4
1 1 0 9 6  1 1 4 5 5 * 7 9 9
6 9 9 2  1 1 4 7 7 * 5 0 4
2 3 S 0 2  I 1 5 0 7 1 . 6 9 3
1 1 9 7 4  1 1 5 3 6 • 8 6 2
2 8 9 9 3  1 1 5 8 5 2 . 0 8 3
1 2 5 6 9  1 1 6 0 5 • 9 0 5
1 1 3 5 6  1 1 6 4 0 • 8 1 8
2 0 0 5 6  1 1 6 5 9 1 .4 4 4
1 3 9 2 0  1 1 6 8 7 1 « 0 0 3
8 9 7 8  1 1 7 1 0 • 6 4 7
2 0 9 0 8  I 1 7 3 1 1 . S 0 6
1 3 0 9 8  1 1 7 5 5 • 9 4 3
9 5 5  3 1 1 7 7 9 • 6 8 8
2 0 0 8 8  1 1 5 0 0 1 * 4 4 7
1 5 7 4 6  1 1 8 2 4 1 * 1 3 4
9 0 5 6  I 1 8 4 8 • 6 5 2
3 5 7 4 2  1 1 9 6 4 2 * 5 7 4
6 1 9 9  1 1 3 9 6 * 4 4 6
4 8 7 6 2  1 1 9 3 0 3 * 5 1 2
S2V47 I 2 0 0 8 3 * 3 1 3
6 8 7 4 3  1 2 1 0 1 4 * 9 5 1
6 5 9 9 1  1 2 2 1 5 4 . 7 5 3
1 4 8 2 6 7  1 2 3 5 0 1 0 « 6 7 8
1 3 8 S 4 S 7 9 9 , 9 9 6
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From Parent Block 3
143
AKtJk TIME CONC
373 1 18 . 0 0 2  1
1864 1 28 • 311 1
56275a I 88 3 . 2 2 0  1
1 7 * 0 6 *  1 109 3 . 3 0 3  1
1 OS 7 56 I 130 • 60S 1
22837 1 139 • 131 1
101301 1 150 • 580 1
666428 1 172 3 . 3 1 3  1
6391U 1 216 • 366 1
176395 1 242 . 1 .0 24  1
66797 1 265 • 394 1
6 S 8 S U  I 2B4 3 . 7 6 3  1
99254 I 339 • 505 1
20 7 905 t 382 1 .1 9 0  I
4 2 3 1 ) 4  1 422 2 .4 21  1
33512S 1 434 1 .9 35  1
75006 1 482 • 429 I
1562SS I 502 •394  I
1 3 /3 3 5  1 523 • 786 1
SS7506 I 565 3 *1 90  1
129232 1 574 • 739 1
d«681 1 602 • 484 1
8 544 7 1 619 • 489 1
63358 1 636 • 391 1
122042 I 660 • 698 1
774673 I 700 4 . 4 3 3  1
145391 t 747 • 832 1
227926 I 786 1 .30 4  1
613157 1 §26 3 . 5 0 8  1
102349 I 855 . 5 8 6  1
72S83 1 874 .4 1 5  1
119615 I 900 • 684 1
102915 1 910 • 539 1
664389 1 945 3 .8 01  1
83176 1 988 . 4 7 6  1
143203 1 1005 • 819 I
130221 I 1023 • 745 1
63726 7 1 1054 3 .64  6 !
230214 I 1110 1 .3 1 7  1
173363 1 1134 • 992 1
498721 1 1158 2 . 8 5 4  1
73192 1 1195 . 4 1 9  1
290254 1 1215 1 .661  1
462002 1 1252 2 . 6 4 3  1
176566 I 1303 1 .0 10  I
469632 I 1344 2 . 6 8 7  1
246676 1 1384 1 .411  1
421159 1 1430 2 . 4 1 0  I
263954 I 1494 1 .5 1 0  I
66923 1 1477 • 383 1
408226 1 1512 2*3 36  1
191371 1 1S31 1 .0 9 5  I
373767 t 1583 2 . 1 3 9  1
162570 1 1609 .9 30  i
411527 1 1463 2 . 3 5 5  1
I 138QI 1 1649 • 652 1
343627  1 1734 1 .996  1
113329 1 1759 • 648 I
347531 1 1402 1 .9 8 9  1
115260 1 1825 • 655 1
3 0 5  4 0 3  1 M 6 8 1.76 5  I
1 2 3 3 4 9  I 1391 . 7 0 6  1
232202 1 1933 1 .3 29  1
101397 1 1960 .5 33  I
304 4 2? 1 2007 1 .  744  l
243773 i 2091 1 .3 95  1
33753 1 2136 • 193 1
2 6 7 s ; *  i 2194 1 .5 3 3  1
2 3 3 j *2 I 2320 1 .3 38  I
1 3 2 2 4 *  t 2479 1.043  1
13053 ; 2570 • 375 1
22034 1 2587 • 129 1
144444 i 2668 .8 27  1
52 0 0  • 2915 • C30 4
1747*892 i c o . a c o




From Parent Block 2
AREA t i h c CONC
80783 1 91 1 .1 8 4
197440 1 107 2 . 3 9 5
28963 1 126 • 42S
23212 I 134 • 340
32202 I 144 • 472
2291 IS 1 164 3 . 3 5 9
22345 1 204 . 3 2 8
64085 1 229 . 9 3 9
26236 1 249 . 3 8 5
228854 1 267 3 . 3 5 5
3C029 1 320 . 4 4 0
71766 1 363 1 .0 5 2
14 7 967 I 402 2 . 1 6 9
114299 I 413 1 . 6 7 6
24536 I 462 . 3 6 0
46538 1 481 .6 8 2
45736 1 501 .67 1
234782 I 54? 3 . 4 4 2
2768S I 582 .4 0 6
27923 1 597 . 4 0 9
21822 1 815 • 320
4C955 1 631 • 600
259877 1 678 3«3 1 0
47622 1 726 • 693
26967 1 7S2 • 395
33015  1 764 • 484
156 76 1 779 • 230
207977 I 804 3 . 0 4 9
43660 1 834 .6 4 0
32676 1 • S I • 479
72997 1 885 1 . 0 7 0
242156 1 924 3 . 5 5 0
82473 1 980 1*209
S1SS1 1 1003 . 7 5 6
2 1 8 3 1 5  1 1032 3*201
8a 22 3 1 1083 1 . 2 3 5
63733 1 1113 • 934
160960 1 1136 2 *3 60
146468 1 1194 2 . 1 4 7
158322 1 1231 2 .3 2 1
68001 1 1283 . 9 9 7
166569 1 1321 2* 442
87801 1 1361 1 .2 8 7
133461 1 1405 1 .9 5 7
102242 I 1429 1 .4 9 9
1087S 1 1453 • 1S9
121409 I 1487 1 .7 8 0
4 4 2 1 4  I 1507 . 6 4 8
34047 1 1515 . 4 9 9
109647 1 1583 1.  653
52596 I 1581 .7 71
138301 1 !6 3 8 2 . 0 2 8
40030 1 1883 • 587
115330 1 1709 1 .6 9 8
51095 1 1731 . 7 4 9
112810 1 1776 1 .6 5 4
54423 1 1797 . 7 9 8
111735 I 1841 1 .6 3 3
59647 1 1865 .3 7 4
148134 I 1904 2 . 1 7 2
22003 1 * 1 9 3 3 . 3 2 3
184272 1 1 9 7 3 2 . 7 0 2
212913 1 2057 3 . 1 2 :
221724 1 2151 3*251
235992 1 2269 3 . 4 6 0
163974 I 2415 2 . 4 0 4
43898 1 2472 . 6 4 4
257130 1 2594 3 . 7 7 0
6820809 9 9 . 9 9 8
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From Parent Block 7





















SA4 * 6 5 *
603 * 9 * 2












1012 5 0 *9 3
1037 5 *7 0
1067 25029
109* 12391











1498 * 7 7 3
1546 43395
1S65 18560
1619 * 9 2 5 3
1647 17837
1691 * 6 3 0 2










2186 5 7 U 3
2? 79 U 3 t f * S
2*39 171840
2 * 90250
t i m e CONC
* • 032
75 3 .  J55
96 2 . 5 * 9
118 • 459
129 • *0 6
149 2 . 7 3 3
18* . 2 7 6
208 • 618
226 • 285
2*3 2 .7 3 2
293 • * 0 9
334 .CS4
371 1 . 5 * 0
382 1 .411
*5 0 .6 7 9
*71 . * 2 7




S 8 * • 197
603 • 198
612 •  2 1 1
650 2*8  78
696 • 338
720 • 231
737 • *  7*
776 2 *2 19
809 • 782
62 * • * 9 2
8 5 4 • 6 9 *
902 2 *7 2 0
956 1 .2 5 5
966 • a n
1012 2*0 2 8
1037 • 220
1067 1*005
1094 • * 9 6
1114 1*8 26









1 * 8 7 *2 77
1*98 • 192
15*6 1 .7 4 3
1565 •  745
1619 1 . 9 7 8
16*7 •  716
1691 1*859
1715 •  856
1758 2 *0 9 6
176* * 949
192* 2 *3 39
18*8 1 .0 5 5
1888 3« 7 TO
1918 • 801
1961 4 , 1 9 1
2049 5 . 0 9 S
2151 I  % o 3 8
2166 2 . 2 9 5
2279 6 . 5 7 1
2438 6 .9 3 1
1 0 0 . 0 0 U
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From Parent Block 5
146
TIME AREA
16 6 4 5
74 7 4 3  74
95 5 2 6 6 9
1 1 6 S 6 2 5
1 2 5 7 1 8 4
: 4 ‘ 5 6 7 7 2
1 8 0 4 6 4 0
2 0 3 1 2 7 1 8
2 3 8 GO 1 SO
2 8 ? 3 6 9 5
32S 1 3 5 3 0
3 6 1 3 3 2  72
3 7 1 3 0 4 2 2
4 3 8 1 5 8 2 2
4 5 8 9 7 1 5
5 0 0 4 5 3 3 2
5 0 8 1 1 2 8 2
5 4 1 64 6 G
5 5 6 9 2 8 5
5 7 1 7 9 1
5 8 9 . 9 0 4 7
6 3 5 6 2 0 1 4
6 8 5 1 0 1 0 6
7 2 4 9 5  7 1
7 3 4 6 7 6 7
7 6 3 4 9 3 8 7
7 9 6 1 5 2 3 7
8 1 1 1 2 0 6 7
8 4 8 1 5 1 8 5
8 8 4 6 2 1 8 6
9 4 8 2 2 8  0 0
9 9 5 5 6 4 6 9
1 0 5 6 2 0 3 2 5
1 0 9 7 4 9 5 5 5
1 1 5 6 1 7 0 5 3
1 1 7 0 1 0 3 4 9
1 1 9 4 4 3 5 7 1
1 2 5 2 1 0 8 1 9
1 2 8 S 3 8 3 3 6
1 3 2 5 1 3 0 9 6
1 3 3 9 5 4 2 9
1 3 7 0 3 3 9 1 0
1 4 0 3 2 6 0 2 4
1 4 5 2 4 1 5 6 6
1 4 8 2 4 2 8 3
1 5 2 9 3 5 2 1 9
1 5 4 8 7 6 2 2
1 6 0 3 3 5 4 2 2
1 6 3 1 1 2 4 7 9
1 6 7 5 4 2 0 9 6
1 7 0 2 2 3 4 3
1 7 4 2 3 5 5 3 2
1 7 6 6 1 3 7 o 3
1 3 0 8 3 5 6 9 8
1 3 3 2 1 5 9 1 0
1 3 7 1 5 2 3 6 5
1 9 0 3 3 6 5 4
1 9 3 7 5 9 9 3 5
2 0 1 1 7 0 C 3 2
2 1 0C 3 5 : 7 0
2 2 0 5
2 3 4 1 122 r v.^
2 5 0 3 l 1 2 1 *3 7 
1 9 4  lfi<»3
TIME CONC
16 . 0 3 2
7 4 3 . 6 3 3
9 5 2 . 7 1 2
1 1 6 . 4 4 4
1 2 5 • 3 7 0
1 4 5 2 . 9 2 3
1 8 0 • 2 3 9
2 0 3 • 6 5 5
2 3 8 3 . 0 9 7
2 8 7 . 4 * 8
3 2 5 • 6 9 7
3 6 1 1 . 7 1 3
3 7 1 1 . 5 6 7
4 3 8 • 8 1 5
4 S 8 . 5 0 0
5 0 0 2 . 3 3 7
5 0 8 . 5 8 1
5 4 1 . 3 3 3
5 5 6 • 4 7 8
5 7 1 . 0 4 1
5 8 9 . 4 6 6
6 3 S 3 . 1 9 3
6 8 5 • 5 2 0
7 2 4 • 4.73
7 3 4 • 3 4 3
7 6 3 2 . 5 4 3
7 9 6 • 73 S
8 1 1 • 6 2 1
3 4 8 . 7 8 2
8 8 4 3 . 2 0 2
9 4 8 1 . 1 7 4
9 9 5 2 . 9 0 8
1 0 5 6 1 . 0 4 7
1 0 9 7 2 . 5 5 2
1 1 5 6 . 8 7 8
1 1 7 0 . 5 3 3
1 1 9 4 2 . 2 4 4
1 2 5 2 • 5 5 7
1 2 8 5 1 . 9 7 4
1 3 2 5 • 6 7 4
1 3 3 9 . 2 8 0
1 3 7 0 1 . 7 4 6
1 4 0 3 1 . 3 4 0
1 4 S 2 2 * 1 4 0
1 4 8 2 • 2 2 0
1 S 2 9 1 * 9 6 8
1 5 4 3 • 3 9 2
1 6 0 3 1 * 3 2 4
1 6 3 1 • 6 4  3
1 6 7 S 2 * 1 6 8
1 7 0 2 * 1 4 6
1 7 4 2 1 * 3 3 0
1 7 6 6 • 7 0 6
1 8 0 8 1 * 9 0 0
1 8 3 2 • 8 1 9
1 8 7 1 2 . 6 9 5
1 9 0 3 * 1 6 8
1 9 3 7 3 * 0 8 6
2 0 1 1 3 * 6 3 0
2 1 0 0 4 . 3 9 1
2 2 0 8 4 * 4 7 9
2 3 4 1 6 . 3 1  ?
2 5 0 3 5 . 7 7 6
9 9 . 9 9 6
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TIMC ARC A










































































t i m c CONC
72 3* 787
102 2 . 7 6 5
134 • 419
1*3 • 371
176 2 .7 7 1
230 • 155








923 1 . 3 8 0
936 1 .4 0 9
989 . 1 6 3








811 . 0 0 9
83* 2 *9 6 2
882 . 5 3 4




9 9 6 - 1 *012
1012 * 697
1939 *244
1056 * 4 5 0
1087 3 . 0 1 4
: t s i 1 . 2 1 4
1182 .7 11
1198 2 * 2 9 0
1260 *919
1278 *283
1301 2 . 0 3 3
1360 . 6 6 7
1375 .5 21
1397 2 . 1 1 8
1454 . 2 7 9
1468 ' . 3 5 9
1487 1*459
1526 • *8 7
1541 • 205
1572 1 . 6 7 *
1604 1 . 1 6 6
1652 1 .9 7 2
1686 • 097




1858 . * 2 1
1876 1 .6 3 5
1903 . 0 8 6
1V43 1*79 6
1967 • 749
2009 I . 9 * 2
2034 1 . 0 0 0
2071 2 . 1 3 9
2140 * . 6 0 7
2219 3 . 9 1 3
2311 A . 932
2429 5 .  226
2567 7 . 6 9 2
2732 7 .  160 
* 9 . 9 9 *
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